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ABSTRACT
A strike-oriented trend of Wilcox oil and gas production in central 
Louisiana marks the location of an early Tertiary clastic shelf-margin. The shelf- 
margin contained a central unstable region flanked by two stable regions. The 
stable regions occurred where there was no significant progradation beyond 
the location of the underlying shelf-margins. Conversely, the unstable region 
occurred where progradation extended basin ward of the underlying shelf- 
margins. Seven depositional sequences can be recognized within the shelf- 
margin. The vertical arrangement of these sequences shows that migration of 
the margin was negligible throughout Wilcox deposition, thereby suggesting a 
balance between subsidence and deposition.
Through numerical simulation, it was concluded that published values for 
global cyclic sea-level fluctuations cannot be used to account for the 
development of these sequences. Rather, a sea-level which experiences 
variable rates of fall over a 0.5 x 10® year interval could account for the origin of 
such sequences.
A shale-filled submarine canyon system occurs within the unstable 
region of the margin. Morphologically, the canyon cross-sectional profile 
resembles that of an entrenched fluvial system.
Conventional cores through sandstone bodies from stable and unstable 
regions of the margin exhibit similarities in vertical sequence and interval 
thickness. Both sandstone bodies represent truncated progradational shoreface 
sequences v/hich were associated with shelf-margin deltas.
A computer program (DEPSIM) was developed in order to account for a 
significant difference observed between transition zone facies of the two
xxin
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shoreface sequences. The shoreface sequence from the unstable region of the 
margin contains a well-developed transition zone facies in contrast to that from 
the stable margin. Results from the program suggest that the difference betv/een 
these two sequences may be explained by the fact that the sequence from the 
unstable region of the margin formed during a relative sea-level rise. The 
shoreface sequence from the stable region formed in response to a falling sea- 
level which resulted in extensive lateral translation of the shoreline. A vertical 
profile through the simulated shoreface sequence which formed during a sea- 
level fall therefore exhibits a poorly developed transition zone facies.
X X IV
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INTRODUCTION
The shelf-edge represents an important geomorphic, tectonic, 
oceanographic and écologie boundary on the continental margins around the 
world (Stanley and Swift, 1976; Stanley and Moore, 1983). The shelf-edge is 
defined as the point at which there is a major change in gradient at the 
outermost extent of the continental shelf (Vanney and Stanley, 1983). Winker 
(1984) has suggested that the term 'shelf-margin' is more appropriate when 
examining the depositional features associated with the shelf-edge since it 
defines a broad geomorphic zone encompassing several distinct depositional 
systems rather than a single localized change in slope. For the purposes of this 
dissertation, the shelf-margin is defined in the terminology of Winker (1984) as a 
'transition zone from shallow water deposition, dominated by wave, tide, storm, 
and rivermouth sediment transport, to deep water deposition dominated by 
gravity driven sediment transport (density flows, slides, slumps, etc.)'.
The character of the shelf-margin is a function of the general tectonic 
setting of the continental-margin, sea-level changes and sediment supply 
(Vanney and Stanley, 1983). Shelf-margins therefore exhibit a myriad of 
sedimentologic and structural characteristics. Seven broad categories of 
shelf-margin characteristics can be identified. These characteristics are as 
follows: 1) carbonate-dominated, 2) elastic-dominated, 3) retrogradational, 4) 
aggradational, 5) progradational, 6) structurally stable (limted occurrence of 
faulting), and 7) structurally unstable (Mougenot et al, 1983; Winker, 1984). An 
individual shelf-margin may exhibit some or all of these characteristics; 
spatially as well as temporally. From a stratigraphie viewpoint, the location 
and character of the shelf-margin has a significant influence on the facies
1
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architecture of depositional sequences which form on passive continental 
margins through geologic time.
This dissertation examines the stratigraphie framework and 
sedimentary facies of an ancient (Paleocene-Eocene) progradational clastic 
shelf-margin at three contrasting levels. At the first level, the regional 
characteristics of the shelf-margin are examined in terms of the component 
depositional sequences and structural stability. On a local scale, the second 
level examines the sedimentologic attributes and facies sequences of 
depositional features which occur at the shelf-margin through reference to 
conventional cores. The third and final level involves the numerical simulation 
of geological processes and their stratigraphie response at both the regional 
(depositional sequence) and local (depositional event) scale.
The study area is located in central Louisiana coincident with 
approximate locations of Cretaceous and early Tertiary shelf-edges (Hardin, 
1962; Woodbury et al, 1973; Gaughey, 1975; McGookey, 1975; Martin, 1978). 
The dissertation is presented as four chapters intended for publication as 
separate papers.
The first chapter, 'Stratigraphie and structural framework of an ancient 
clastic shelf-margin; The Wilcox Group (Paleocene-Eocene), Central 
Louisiana', provides a regional perspective of the study area and a 
characterization of the shelf-margin. The Wilcox shelf-margin in Louisiana 
consists of at least three distinct regions of structural stability. A shale-filled 
submarine canyon occurs within the unstable region and appears to be a 
stratigraphie equivalent of the Yoakum channel (another shale-filled Wilcox 
submarine canyon system in Texas). Up to seven depositional sequences can 
be recognized in the stable region of the shelf-margin (W-l through W-VII, with 
W-l representing the oldest sequence).
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The second chapter, 'Sedimentary facies of the uppermost Wilcox shelf- 
margin trend: South Central Louisiana', has been published in T. F. Moslow 
and E. G. Rhodes, eds., Modern and Ancient Shelf Clastics: A Core Workshop, 
Soc. Econ. Paleontologists Mineralogists Core Workshop No. 9, p. 363-412. 
This chapter examines the sedimentary facies sequence of a sandstone body 
(within the W-VI sequence) which formed within the unstable portion of the shelf 
margin.
The third chapter, 'Recognition and character of a truncated regressive 
shoreface which formed during a sea-level fall', examines a facies sequence 
associated with another shelf-margin sandstone body (within the W-VII 
sequence) which occurs within the stable region of the margin. The 
interpretation of this facies sequence presented in this dissertation is in contrast 
to that which was presented in a previously published paper (Self et al, 1986). 
This facies sequence from the stable region of the margin is compared to that 
from the unstable region which is presented in Chapter two.
The fourth chapter, 'Numerical simulation of depositional sequences and 
shoreface sequences from a clastic shelf-margin', examines two important 
concepts that were discussed in the previous chapters. The first concept 
concerns the origin cf depositional sequences on the Wilcox shelf-margin 
(discussed in Chapter one). Through the development of a computer program 
(STRATSIM) which simulates the formation of depositional sequence 
boundaries on a shelf-margin, it has been possible to examine the sequence 
stratigraphy which would result from cyclic fluctuations in eustatic sea-level as 
proposed by Vail et al (1977). The second concept concerns the differences 
between the two shoreface sequences which were presented in chapters two 
and three. Using another computer program (DEPSIM) developed by this 
author, it is possible to account for the differences in the appearance of these
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two sequences. Results from the simulations of the second computer program 
(DEPSIM) indicate that the shoreface sequence from the unstable region of the 
margin (Chapter two) formed during a relative sea-level rise as opposed to that 
from the stable region (Chapter three) which formed during a relative sea-level 
fall. Current facies models for prograding shoreface sequences are based on 
modern examples, all of which formed during a global sea-level rise (Bernard et 
al, 1962; Reineck and Singh, 1971; Howard and Reineck, 1981). DEPSIM 
enables the detailed characterization of facies sequences for a prograding 
shoreface which formed during a sea-ievel fall.
These four chapters are collectively intended to present an example of 
the stratigraphie and sedimentologic character of a progradational clastic shelf- 
margin. The methods utilized in this dissertation encompass conventional 
regional stratigraphie and local facies analyses in addition to the less commonly 
employed numerical simulation of geologic processes. Integration of these 
methods has enabled the characterization of a specific depositional setting in 
addition to the testing and development of some fundamental stratigraphie and 
sedimentologic concepts.
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CHAPTER I
STRATIGRAPHIC AND STRUCTURAL FRAMEWORK OF AN ANCIENT 
CLASTIC SHELF-MARGIN: THE WILCOX GROUP (PALEOCENE-EOCENE),
CENTRAL LOUISIANA
ABSTRACT
The subsurface component of the Wilcox Group (Paleocene-Eocene) 
within Louisiana exhibits two well-defined trends of oil and gas production. One 
trend is located in the 'shallow' subsurface (900 to 1800 m: 2953 to 5905 ft) 
which is in the area that has been the subject of the majority of previous Wilcox 
studies. The second production trend is located downdip from the first trend and 
is coincident with the approximate location of early Cretaceous and early 
Tertiary shelf-margins. The section of the Wilcox which corresponds with the 
location of this downdip trend is an example of an early Tertiary shelf-margin.
Up to seven low-order depositional sequences can be recognized in the 
Wilcox shelf-margin trend. These sequences are bounded by regionally 
extensive shale horizons. The vertical succession of sequences reflects an 
apparent balance between basin subsidence and deposition throughout the 
period of Wilcox deposition. Basinward migration of the shelf-margin during 
Wilcox deposition therefore was relatively minor.
The Wilcox shelf-margin exhibits three regions of structural stability. Two 
of the regions are located in western and eastern central Louisiana and exhibit 
relatively stable shelf-margins as manifested by the minimal occurrence of
5
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syndepositional-faulting (growth-faulting). Between these two stable regions, 
the shelf-margin appears structurally unstable due to the preponderance of 
large-scale growth-faults. The stable shelf-margin regions occur where Wilcox 
sediments did not prograde significantly beyond the previous maximum 
advance (Tuscaioosa sheif-margin).
A thick shale interval which was believed by previous workers to 
represent the occurrence of a major marine transgression midway through 
Wilcox deposition is not readily apparent on regional well-log cross-sections. 
However, localized thickening of this interval is apparent within the Wilcox shelf- 
margin. The discordant relationship with underiying strata and a channelized 
form suggests a period of extensive downcutting occurred during the middle 
Wilcox. The feature is almost 24 km (15 mi) wide and up to 300 m (984 ft) thick 
and is interpreted to have formed close to the shelf-margin by fluvia l 
downcutting during a sea-level lowstand. There potentially exists new, deep, 
(4,600-6,000 m : 15,000 - 20,000 ft) hydrocarbon exploration targets in the iow- 
stand system tracts associated with the formation of this feature.
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INTRODUCTION
The Wilcox Group (Paleocene-Eocene) is a thick (up to 1,220 m; 4,000 ft) 
sequence of clastic sedimentary rocks which represent the initial progradational 
phase of Tertiary sediments into the Gulf of Mexico basin. In Louisiana, the 
Wilcox is almost exclusively confined to the subsurface. Most previous studies 
have focused on the 'shallow' intervals of the Group (Galloway, 1968; Herbert, 
1972; Coates, 1979; Mabibi, 1979; Coates et al, 1980; Cleaves and O'Neill, 
1983; Rogers, 1983, and Purcell et al 1985). The term 'shallow' has been used 
to signify the relatively shallow subsea depth of the Wilcox interval (900 to 1,800 
m: 2,900 to 5,900 ft). A well defined dip-oriented trend of oil and gas production 
occurs within the shallow Wilcox (Fig. 1.1) and is believed to represent fluvial- 
dominated deltaic and alluvial plain sandstone reservoirs (Craft, 1966). 
Downdip from the 'shallow Wilcox', a second trend of oil and gas fields extends 
along strike through central Louisiana (Fig. 1.1). The average subsea depth of 
the top of the Wilcox in this region is between 3,000 to 4,200 m (9,800 to 13,800 
ft).
The location of the strike-oriented production trend is in close proximity to 
lower Cretaceous and Eocene shelf-margins (Hardin, 1962; Woodbury et al, 
1973; Caughey, 1975 a; Caughey, 1975 b; McGookey, 1975; Martin, 1978) (Fig. 
1.2). The term shelf-margin, as it is used in this dissertation, was defined by 
Winker (1984) as: 'the transition zone from shallow water deposition dominated 
by wave, tide, storm and river mouth sediment transport, to deep water 
deposition dominated by gravity driven sediment transport (density flows, slides, 
slumps, etc.)'. The purposes of this chapter are: 1) to establish the general 
stratigraphie and structural framework of the Wilcox Group within this downdip
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region, and 2) to examine the influence of pre-existing shelf-margins on the 
stratigraphie development of the Wilcox shelf-margin.
This chapter will first provide a synopsis of the geologic framev/ork of the 
regional study area followed by a more specific review of the depositional 
history of the Wilcox Group as it is currently reported in the literature. A revised 
classification of the Wilcox in Louisiana based on low-order depositional 
sequences will then be presented. The following aspects of the shelf-margin will 
then be discussed: 1 ) the structural stability of the margin, and 2) the occurrence 
of a submarine canyon system within the shelf-margin.
GEOLOGIC BACKGROUND
Pre-Wilcox Stratioraphv
Throughout the early Cretaceous (Berriasian through Albian; 144-97.5 ma), a 
series of carbonate reef systems circumscribed the northern rim of the Gulf of 
Mexico basin (Hendricks and Wilson, 1967; McFarlan, 1977) (Fig. 1.3). The 
existence of these reef systems resulted in the formation of successive stable 
continental shelf-margins through the area of central Louisiana during this time 
period (Adams, 1985). The position of these shelf-margins remained within a 
relatively narrow zone (30 to 50 km: 19 to 30 mi) until the beginning of the late 
Cretaceous (Cenomanian; 97.5 ma). At this time, shallow marine and deltaic 
sediments of the Tuscaloosa formation were deposited close to and beyond the 
Edwards reef trend (Smith, 1981 ;1985) in asponse to a major relative sea-level 
fall (Vail et al, 1977). This was a period of extensive marginal basin-filling as 
sediments derived from fluvial and submarine canyon systems formed thick 
(500 to 600 m: 1,600 to 2,000 ft) sequences of deep-water deposits
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Figure 1.1 Generalized structure contour map of the top of the Wilcox Group in 
Louisiana. Note the location of two well-defined oil and gas 
production trends. The shallow Wilcox trend in LaSalle, Concordia 
and Catahoula Parishes is primarily dip-oriented. The deep Wilcox 














Figure 1.2 General location of early Cretaceous and Tertiary shelf-edges within 
the northern rim of the Gulf of Mexico basin. (After Martin, 1978).
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basinward of the reef trend (Berg, 1982) (Fig. 1.4). This progradational episode 
resulted in the migration of the shelf-margin up to 30 km (20 mi) in places 
beyond the reef trend (Harrison, 1980).
As relative sea-level began to rise again (Vail et ai, 1977), pelagic and 
hemipelagic muds onlapped against the Tuscaloosa shelf-margin. Continued 
sea-level rise up to the late Cretaceous (Maestrichtian; 74.5 to 66.4 ma) 
highstand resulted in the formation of extensive chalk sequences (Granada, 
1963). By the end of the Cretaceous (-66.4 ma), relative sea-level began to fall 
again which resulted in progradation of Tertiary clastic sequences. In central 
Louisiana, the incipient stages of this progradation are represented by deep 
water facies of the Midway Group (Paleocene) and the overlying shallow- 
marine and fluvial-deltaic sediments of the Wilcox Group (Paleocene-Eocene) 
(Howe, 1962; Dixon, 1965).
Wilcox stratioraphv
Early geologic investigations of the Wilcox Group in Louisiana were 
primarily concerned with recognition and description of individual formations at 
limited surface exposures (Murray and Thomas, 1945; Murray, 1948; and 
Andersen, 1960). However, subsequent studies had limited success in trying to 
correlate these formations to the subsurface Wilcox section (Smithwick, 1954 
and Dixon, 1965).
Results from later studies of the subsurface Wilcox in Louisiana 
(Galloway, 1968; Coates et al, 1980; Rogers, 1983, and Purcell et al 1985) 
agreed with those from the Texas Wilcox studies (Fisher and McGowen,1967). 
Fisher and McGowen (1967) showed that the subsurface Wilcox in Texas was 
comprised of three major divisions (Fig. 1.5). These divisions were recognized
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Figure 1.3 Schematic dip cross-section through early Cretaceous shelf- 
margins from the northern rim of the Gulf of Mexico basin. This 
profile is located in south Texas; however, the broad stratigraphie 
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Figure 1.4 Dip cross-section through lower Cretaceous shelf-edge in central 
Louisiana showing facies relationships of the overlying Tuscaloosa 
formation. (After Berg, 1982).
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on the basis of electric log character. Interpretation of the depositional history of 
each division is as follows:
Lower Wilcox
In Texas, Fisher and McGowen (1967) recognized the Lower Wilcox 
interval as representing an important phase of delta construction exemplified by 
the Rockdale delta complex. In Louisiana, large deltaic complexes began to 
encroach into the area as sediment supply increased and/or basin subsidence 
decreased relative to eustatic sea-level fall. Galloway (1968) recognized that 
the Holly Springs delta complex (Fig. 1.6) was the Louisiana stratigraphie 
equivalent of the Rockdale complex. The Holly Springs delta complex formed 
within the drainage axis of the Mississippi embayment and, like the Rockdale 
delta, was considered to be fluvially-dominated.
Middle Wilcox
Overlying the fluvial-deitaic complexes of the Lower Wilcox is an interval 
of fine-grained, deep-water sediments which are believed to represent a major 
marine transgressive event. This interval (middle Wilcox) has been colloquially 
referred to as the 'Big shale' in Louisiana (Howe, 1962; Dixon, 1965). The 
interval has been used as a regional marker bed in numerous subsurface 
studies (Coates et al, 1980; Mulcahy, 1981; Rogers, 1983, and Purcell et al 
1985).
Upper Vvilcox
The final phase in Wilcox depositional history is characterized by a major 
regressive sequence prior to initiation of the next major transgression of the 
Claiborne Group (Eocene). Sandstone bodies in this interval constitute the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1.5 Schematic Wilcox subsurface divisions showing the fluvial- 
dominated lower Wilcox overlain by a major marine transgressive 
sequence (the 'Big Shale'). The upper Wilcox is believed to be 
composed of a series of wave-dominated deltaic complexes.
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majority of Wilcox hydrocarbon reservoirs in the shelf-margin trend. Unlike the 
dip-oriented trend in the Lower Wilcox, they are oriented parallel with 
depositional strike. These sandstone bodies formed at the furthest seaward 
migration of the shoreline during Wilcox time and are believed to represent 
wave-dominated delta systems (Galloway, 1968).
Unfortunately, recognition of this threefold division in the Louisiana 
subsurface is a highly subjective process. A single 'Big shale' interval 
separating the Wilcox Group is not readily apparent on regional well-log cross- 
sections. Rather, several shale intervals of comparable thickness can be 
observed within the downdip shelf-margin trend. Consequently, use of the 
threefold classification system was abandoned. Instead, a divisional 
characterization of the subsurface Wilcox based on low-order depositional 
sequences has been adopted. Recognition of these sequences provides a 
means by which to examine the large scale phases of basin-fill during Wilcox 
deposition.
DEPOSITIONAL SEQUENCES AND SEQUENCE STRATIGRAPHY
The sediments which fill the basin of a passive continental margin are 
comprised of numerous genetically-related lithologie units (sequences) 
bounded by unconformities (Vail et al, 1977; Hubbard et al, 1985 a; Sloss,
1984). These sequences may represent long term (10® years) phases of basin- 
filling (high-order sequences) or short term (103 to 1Q4 years) ephemeral 
depositional pulses (low-order sequences) (Miall, 1984). As the margin evolves 
through time, the superimposition of successive sequences occurs in response 
to allocyclic and autocyclic depositional and structural regimes. Seismic 
recognition of genetically-related packages bounded by regional
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1.6 Schematic diagram of the lower Wilcox Holly Springs deltaic 
complex in Louisiana and Mississippi. (After Galloway, 1968).
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unconformities has been widely used in large scale basin analyses performed 
mainly by major oil companies over the last decade (Berg and Woolverton,
1985). Hubbard et al (1985 b) provide an excellent example of this approach in 
case studies from continental margins off Newfoundland and the Beaufort Sea.
The fundamentals of sequence stratigraphy gained prominence when 
Sloss (1963) proposed that six major Phanerozoic stratigraphie sequences 
could be recognized on the north American craton. The unconformities which 
bound each sequence are considered to be geologically significant since they 
formed in response to global tectonism. This type of sequence is an example of 
one level in the hierarchy of stratigraphie sequences and is comparable to the 
supersequence described by Vail et al, (1977).
Frazier (1974) showed how the concept of geneticaily related 
depositional units could be applied to resoive the stratigraphie framework of an 
interval to a much finer level than that discussed by Sloss. Frazier introduced 
the concept of depositional complexes and facies sequences and demonstrated 
how the modern Mississippi deltaic complex was comprised of a series of 
genetically-related packages. Within his definitions, he describes the 
depositional complex as: "... a series of conformable facies sequences bounded 
by regional hiatal surfaces', and a facies sequence as: ... an initial basinward 
progradation, penecontemporaneous and intermediate aggradation and is 
terminated by a local transgression' (Frazier,1974).
Figure 1.7 diagrammatically depicts Frazier's concepts. The duration of 
time within which the depositionai complex forms is termed a 'depositionai 
episode': and the duration of time during which a facies sequence develops is 
calied a 'depositional event' (Frazier,1974). Each facies sequence contains a 
spectrum of depositional environments from alluvial facies to the paralic and 
deep-marine. Recognition of these low-order depositional "signatures" using
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well-log and conventional core data provides a platform from which one can 
develop an integration of seismic stratigraphie analyses on a basinwide scale 
with the components of individual sequences on a local scale.
RECOGNITION CRITERIA FOR DEPOSITIONAL SEQUENCE 
BOUNDARIES
Introduction
In the absence of extensive paléontologie and seismic data, recognition 
of individual depositional sequences within the subsurface using well-log cross- 
sections is based on the premise that the shale interval between two individual 
sequences was formed during a relative sea-level highstand. Forgotson (1957) 
recognized the importance of thick shale horizons in enabling geologists to 
subdivide terrigenous clastic sequences in the subsurface into discrete 
'transgressive and regressive couplets’. Forgotson pointed out that at the 
outcrop recognition of a "sandy conglomeratic, fossiliferrous layer, with an 
abundance of authigenic minerals such as glauconite’ is the common means to 
separate the transgressive regressive couplets. However since recognition of 
these units on electric logs is relatively limited, he emphasized that the most 
reliable markers in the subsurface are 'thick' regionally-extensive shale units 
which were assumed to be deposited during a relative sea-level highstand.
At least six such shale intervals (A through F) can be recognized within 
the Wilcox of central Louisiana (Fig. 1.8). On well-log cross-sections, these 
shale intervals are laterally continuous and moderately thick (15-25 m: 50-80 ft). 
The interval commonly referred to as the 'Big shale' is no thicker than any of the 
other shale intervals in this area; however, local thickening of this shale does
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Figure 1.8 Regional strike-oriented weil-iog cross-section showing 
depositional sequences (W-1 through W-V11) and major 
transgressive shale units (A-F) within the Wilcox of central 
Louisiana. The upper boundary of each sequence Is defined by a 
regional transgressive disconformity. (See #4 on Fig. 1.17 for 
location of cross-section).
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occur. Each of these shale Intervals exhibit characteristic attributes which may 
be considered as simple recognition criteria for depositional sequence 
boundaries.
Recognition criteria
Lateral continuity and fades relationships
Three of the six shale intervals (D, E and F) within the central Louisiana 
subsurface can be traced along depositional strike over 160 km (100 mi) (Fig. 
1.8). Three other shale intervals (A, B and C), evident in the eastern region, 
become progressively more difficult to identify towards the west. This apparent 
lack of lateral continuity of the lower shale horizons may be due to the fact that 
this strike profile is located close to the maximum landward limit of early Wilcox 
transgressions. The lack of continuity may also be due to the fact that the area 
where the shale intervals become progressively more difficult to recognize 
corresponds with a region of major growth-faulting. Growth-faulting may have 
the effect of obscuring the regional shale intervals. Figure 1.9 shows these 
same shale intervals extending up to 112 km (70 mi) in the dip direction. Updip, 
the shale intervals rapidly pinch out into a predominantly sandier component of 
the section. Downdip, these shales merge into basinal facies.
Marine Fauna
Benthic foraminifera which occur within several of these shale intervals 
represent paleoecological zones which range from middle neritic (15 to 90 m: 
50 to 300 ft) to lower bathyal (460 to 1800 m: 1500 to 6000 ft) (Table 1.1).
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Figure 1.9 Regional dip-oriented cross-section showing Wilcox depositional 
sequences and their relationship to the early Cretaceous reef trend 
and Tuscaloosa shelf-margin in central Louisiana. (See #2 on Fig. 
1.17 for location of cross-section).







Middle she!f-!ower slope 
Lower slope 
Middle she If-Abyssal 
Middle shelf-Upper slope
Table 1.1 Benthic foraminifera from shale interval F.
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Nature of the lower contact
By definition, a depositional sequence is bounded by an unconformity or 
its correlative conformity (Vail et al, 1977). It is tfierefore essential that an 
unconformity should be established between the shale and the underlying 
facies in order to consider the shale intervals to have formed during a relative 
sea-level highstand. This contact can be recognized in conventional cores.
In Chapter two, a vertical profile from a facies sequence which underlies 
one of the regional shale intervals (E) depicts a progradational shoreface 
truncated by erosional shoreface retreat. Erosional shoreface retreat resulted in 
the creation of a well-defined ravinement surface (Swift, 1968). The ravinement 
surface is a time-transgressive boundary which defines the hiatal contact 
referred to by Frazier (1974). In some cases, a thin (0.5 m; 1.6 ft) calcarenite 
occurs at the ravinement surface and appears as a strong positive deflection on 
the resistivity log (see Chapter two).
Significant relative sea-level highstands may be distinguished from local 
transgressions on the basis of lateral continuity of the shale intervals. Laterally 
continuous shale intervals represent a significant relative sea-level highstand 
and are moderately thick (15-25 m; 50-80 ft). Relatively thin (2 to 5 m: 6.5 to 16.0 
ft) and laterally discontinuous mudstones overlying the ravinement surface 
represent a local transgression which occurred prior to the progradation of the 
subsequent depositional event.
WILCOX DEPOSITIONAL SEQUENCES
Up to seven depositional sequences (with W-l representing the oldest 
and W-VII the youngest) can be recognized from the regional well-log cross-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
26
sections throughout the study area. These sequences can be easily 
distinguished on a regional strike-oriented well-log cross-section which extends 
through township 2-8 (Fig, 1.8) and on a dip-oriented cross-section from the 
eastern region of the study area (Fig. 1.9). Resolution of sequences W-l, W-ll, W- 
III and W-IV on the well-log cross-sections becomes more difficult towards the 
western part of the study area.
Exact age ranges for these sequences cannot be established at this time 
due to a lack of paleontological data. However, on the basis of the number of 
sequences which formed within the time interval of Wilcox deposition (107 
years) these sequences may be considered to be equivalents of the third or 
fourth order sequences described by Vail et al (1977). Variation in the 
basin ward extent of the main arenaceous component of sequences W-l through 
W-VI was relatively minor (less than 8 km: 5 mi). On the other hand, the final 
Wilcox sequence (W-VII) exhibited the greatest basinward progradation of the 
arenaceous component. The general arrangement of the Wilcox sequences (i.e. 
relatively minor progradation from the initial basinward limit) reflects a history of 
basin-filling where the rate of subsidence has approximated the rate of 
deposition (Fig. 1.10). Vail et al (1977) have suggested that the Wilcox in Texas 
reflects a balance between basin subsidence, sediment supply and sea-level 
fluctuation such that a seismic section would reveal a predominance of 
toplapping sequence boundaries .
This interpreted sea-level history for Wilcox deposition differs from the 
previous interpretation (Galloway, 1968; Coates et al, 1980; Rogers, 1983, and 
Purcell et al 1985). In recognizing these depositional sequences, it has become 
apparent that the shale interval commonly considered to have formed during a 
major Wilcox marine transgression (the 'Big shale') is only one of at least six 
other equally thick sequences which formed during Wilcox deposition.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
27
S E A -L E V E L
V r_ >1
S E A -L E V E L
S E A -L E V E L
□ A L L U V IA L *. FLU V IA L -D E LT A IC  SANDS AND S ILTS
DELTAIC SA N D S, S IL TS  
IlMmi!##!! &  CLAVS
PRODELTAIC AND M A RIN E  
CLAYS
Figure 1.10 .Schematic diagram showing inferred facies relationships which 
result from differences between subsidence and deposition. The 
Wilcox sequences shown in Figure 1.9 most closely approximate 
the condition shown in part b. (Modified after Curtis, 1970).
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WILCOX SHELF-MARGIN STABILITY
Several factors may exert a significant influence on the stratigraphie 
character of a shelf-margin. These factors include eustatic sea-level change, 
sediment supply, tectonism, and the stability of the margin. Winker (1984) 
recognized three major categories of progradational clastic shelf-margins in the 
Gulf Coast based on the overall stability of the margin (Fig. 1.11). Each shelf- 
margin has a relatively unique stratigraphie framework which is primarily 
controlled by the margin stability. Shelf-margins in the Wilcox are frequently 
cited as examples of unstable prograding clastic margins (Edwards, 1981; 
Winker, 1982,1984; Winker and Edwards, 1983). However, it is evident that a 
modern clastic shelf-margin may exhibit spatial variability of these three major 
stability regimes (Martin and Bouma, 1978, Martin, 1978).
The purpose of this section is to examine the temporal and spatial 
variability of the stability of the Wilcox shelf-margin and its resultant effect on the 
stratigraphie framework of the margin. In the absence of regional seismic data, a 
series of pseudolithologic dip-oriented profiles (Fig. 1.12, 1.13, 1.14) were 
constructed using spontaneous potential (SP) logs to help identify large scale 
growth-faulting. The profiles were constructed by first determining sandstone 
percentage at 32.8 m (100 ft) intervals for each of the cross-sections. These 
data were then contoured using a contour interval of ten percent.
Figure 1.12 is a contour diagram of sandstone percentage of a dip cross- 
section in the easternmost region of the study area (Livingston Parish). There 
are two important aspects depicted in this diagram. The first aspect concerns 
the appearance of at least three major phases of progradation (1, 2 and 3).
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Figure 1,11 Schematic diagram depicting major categories of clastic shelf- 
margins within the Gulf of Mexico basin. (After Winker, 1984).
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Figure 1.12 Dip-oriented sandstone percentage profile through the Wilcox in 







































Figure 1.13 Dip-oriented sandstone percentage profile through the Wilcox in 




























SANDSTONE PERCENTAGE : WESTERN DIP PROFILE
NORTH SOUTH










































COASTAL PLAIN CONTINENTAL SHELF SLOPE
Z -3 3  U 0W -D E N S ITY I-3 -I-2 -Z -I-:
H IG H-PRESSURE s h a l e -5 5 ;TEXAS COASTAL AREA
PRE-TERTIARY SECTIONH O U S T O N B
CORPUS
c h h i s t i
U ILE5
Figure 1.15 Generalized lithologie cross-sectIon through the Tertiary of the 
Texas coastal plain showing large-scale growth-faulting. Compare 
this figure with that depicted In Figure 1.14.
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Initial progradation (1) extended almost as far basinward as the final phase of 
progradation (3); however, the intermediate phase (2) did not extend as far 
basinward ,= the initial (1) and final (3) phases. The second important aspect of 
the profile concerns the relatively horizontal nature of the contour lines which 
signifies that there was little or no syndepositional downdip thickening of the 
section. In figure 1.13, the profile extending through East Baton Rouge Parish 
which lies 48 km (30 mi) to the west of the profile shown in figure 1.12 shows a 
similar pattern of depositional phases with minimal structural modification. 
Further west, in Pointe Coupee Parish, the character of the shelf-margin differs 
dramatically from that depicted in figures 1.12 and 1.13 (Fig. 1.14). This profile 
(Fig. 1.14) reveals the occurrence of significant syndepositional dov/ndip 
thickening of the Wilcox section. Bruce (1973) presented a profile for the 
Tertiary sequence of the Texas Gulf Coast (Fig. 1.15) similar to that depicted in 
figure 1.14. Despite the apparent dramatic structural deformation in the Pointe 
Coupee region of the shelf-margin, it is still possible to recognize three major 
progradational pulses.
Further to the west, near the Texas state line, the character of the margin 
has changed again. A reflection seismic line in this area (Fig. 1.16) suggests 
that the Wilcox shelf-margin is similar to the stable shelf-margin in the eastern 
region of the study area. The stable nature of the shelf-margin is exemplified by 
the occurrence of relatively undeformed sigmoidal clinoforms (Fig. 1.16). In 
contrast to this lack of structural activity, it is evident that the underlying 
Tuscaloosa shelf-margin has been extensively growth-faulted. Like the eastern 
region, there was relatively little migration of the margin throughout Wilcox 
deposition. Figure 1.17 is a schematic representation of the spatial variation in 
Wilcox shelf margin stability through central Louisiana.
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Of the factors (outlined above) which may affect the stability of shelf- 
margins, sea-level change and regional tectonism can be eliminated as 
potential causes of the spatial variability along the Wilcox sheif-margin. The 
position and stability of pre-existing margins appear to exert the greatest 
influence on the stability of the Wilcox shelf-margin. It becomes clear from the 
regional well-log cross-section (Fig. 1.10) and seismic line (Fig. 1.16) that the 
basinward limit of the Wilcox shelf-margin in the eastern and western regions of 
the state did not extend significantly beyond the location of the underlying 
Cretaceous shelf-margins. The zone of greatest instability along the Wilcox 
shelf-margin corresponds to the region where Wilcox progradation extended 
beyond the location of the underlying margins (Fig. 1.17).
WILCOX SUBMARINE CANYON SYSTEM
General morphology and stratigraphie relationships
Figure 1.8 shows the occurrence of a thick feature within the unstable 
portion of the Wilcox shelf-margin. This zone of thickening roughly corresponds 
to what other workers have called the Big Shale (shale interval E). The pattern 
of local thickening (Fig. 1.18) is identical to that which occurs in the Yoakum 
submarine canyon system (Hoyt, 1959) (Fig. 1.18). The area of thickening also 
corresponds with the approximate location of a Midway (Paleocene) submarine 
canyon in St. Landry Parish (Winker, 1984). There are no specific details 
concerning the exact location or morphological characteristics of the canyon in 
St. Landry Parish given in Winker's paper.
A series of well-log cross-sections reveal a channel profile that can be 
traced over at least 24 km (15 mi) along dip (Fig. 1.19). Downdip and updip from






































Figure 1.16 Reflection seismic profile across the Wilcox and early Cretaceous 
shelf-margins from western-central Louisiana. Note the relatively 
undisturbed character of the Wilcox reflectors and relative positions 
of the Tuscaloosa and pre-Tuscaloosa lower Cretaceous shelf- 
edge. (See #6 on Fig. 1.17 for location of line). COo>
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Figure 1.17 General map of central Louisiana showing relative positions and 
stability regimes of the Wilcox shelf-margin. It appears that the lower 
Cretaceous shelf-edge in western Louisiana is located downdip 
from the Edwards-Siigo Reef Trend. (Also see Berg, 1982). The 
central unstable region of the margin corresponds to the location 
where the Wilcox prograded significantly beyond the pre-existing 
margins.
1. Location of profile shown in Figure 1.12.
2. Location of profiles shown in Figure 1.9 and Figure 1.13.
3. Location of profile shown in Figure 1.14.
4. Location of profile shown in Figure 1.8.
5. Location of profile shown in Figure 1.20.
6. Location of profile shown in Figure 1.16.
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Figure 1.18 a) Strike-oriented well-log cross-section through localized 
thickening of shale inteval E. (See Fig. 1.8). 
b) Strike-oriented cross-section through the Yoakum channel 
system in the Wilcox of Texas. (After Hoyt, 1959).







CANYON PROFILES IN AVOYELLES PARISH
Figure 1.19 Strike-oriented profile through the submarine canyon system in 
Avoyelles Parish. (See Fig. 1.17 for location).
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the location of these cross-sections, the outline of the channel becomes 
progressively more difficult to resolve. Downdip, the Wilcox section becomes 
increasingly argillaceous and the shale-filled channel is indistinguishable from 
the surrounding mudstones. Updip, the Wilcox section and the channel-fill 
become progressively arenaceous and, therefore, it is extremely difficult to 
detect the channel on well-log cross-sections. A strike-oriented reflection 
seismic line through the St. Landry Canyon system shows the relatively subtle 
nature of the relief (Fig. 1.20). The truncation of the underlying reflectors is 
clearly demonstrated as is the lateral continuity of the reflector which caps the 
channel sequence. Internal character in the lower portion of the fill is dominated 
by chaotic seismic facies. The sequence is overlain by gently dipping and 
relatively continuous reflectors.
As noted above, similar shale-filled channels features occur elsewhere in 
the Gulf Coast Tertiary sequence (Bornhauser, 1948; Hoyt, 1959; Galloway and 
Brown, 1973; Vormelker, 1980; Chuber and Begeman, 1982; Jackson and 
Galloway, 1984). Several other ancient shale-filled submarine canyon 
sequences from a variety of shelf-margin settings located throughout the world 
have been reported in the literature (Cohen, 1976; Almgren, 1978; Picha, 1979; 
Clifton, 1981; May et al, 1983). One of the most renowned examples of a 
submarine canyon system in the Gulf coast Tertiary is the Yoakum channel, 
located in Yoakum County, Texas. The Yoakum channel formed during the 
Upper Wilcox (Hoyt, 1959).
The morphology of the Wilcox channel In central Louisiana, hereafter 
referred to as the St. Landry Canyon, differs significantly from that of the 
Yoakum Channel in the downdip region. Figure 1.21 compares canyon profiles 
from these two features. Total thickness of the Yoakum channel-fill is on the 
order of 610 m (2,000 ft) compared to only 300 m (984 ft) for the St. Landry
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Figure 1.20 Refisction seismic profiie through the üt. Landry Canyon. (See #5 
on Fig. 1.17 for location).
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COMPARISON OF YOAKUM AND AVOYELLES/ 





MODIFIED AFTER HOYT, 1959
Figure 1.21 Comparison of Avoyelles/St. Landry Canyon profile to Yoakum 
channel profile.
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Canyon. The St. Landry Canyon has a much broader channel geometry than 
the Yoakum and is up to 24 km (15 mi) wide in places compared to 8 to 16 km 
(5 to 10 mi) for the Yoakum. Both canyons are predominantly shale-filled; 
however, rare sandstone intervals occur within the St. Landry Canyon. It is 
possible that the difference in canyon morphology between the Yoakum and St. 
Landry systems is merely a manifestation of natural variability in these features.
Figure 1.22 compares profiles from the Yoakum and St. Landry systems 
with profiles from some modern submarine canyon and fluvial systems. As a 
result of this comparison, it becomes evident that the profile geometry of the St. 
Landry Canyon and that of the entrenched alluvial valley of the Mississippi 
River are very similar.
Model of canvon development
Two general models exist to account for the development of submarine 
canyons. In the first model, Fisk and MacFarlan (1955), Shepard (1981), 
Steffens (1986) believe that canyons form in response to fluvial downcutting 
during a sea-level lowstand. The reduction in sea-level may be due to either 
eustasy or regional tectonism at the continental margin. The second model 
proposes that mass wasting at the shelf-edge is the initial stimulus which 
triggers the formation of a canyon (Coleman et al, 1983; Bouma et al, 1984). 
Once the incipient phase of canyon development has occurred, retrogressive 
slumping results in the landward migration and progressive deepening of the 
canyon.
As shown previously, the St. Landry Canyon occurs within the most 
unstable region of the Wilcox shelf-margin. Similarly, the Yoakum channel 
occurs within an unstable region of the Texas Wilcox shelf-margin (see Jackson
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Data from Fisk and McFar!an,1955; Hoyt,1959; 
Shepard and Dill, 1966; Moore et al, 1978 and 
Coleman et al, 1983.
Figure 1.22 Comparison of St. Landry Canyon and Yoakum channel profiles 
with some modern canyon profiles.
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and Galloway, 1984). It Is therefore possible that Instabilities which arose from 
progradation beyond the previously existing margin resulted In the initiation of 
these two canyons. However, two lines of evidence suggest that the St. Landry 
Canyon may have formed as a result of fluvial downcutting which, in turn, 
occurs In response to an inter-reglona! relative sea-level lowstand. These lines 
of evidence are as follows: 1) The St. Landry Canyon formed at the end of 
deposition of sequence W-V and prior to deposition of sequence W-VI. The end 
of deposition or upper boundary of each sequence represents a relative sea- 
level lowstand. 2) Canyon systems of a similar age occur In Texas which 
suggests that a more regional process (I.e. sea-level lowstand) occurred.
There are two Important Implications regarding this Interpretation. The 
first Implication Is that. In contrast to previous Interpretations of the Wilcox 
deposltlonal history, a major sea-level fall must have occurred during late- 
middle or upper Wilcox. The second Implication concerns the potential for deep- 
sea fan reservoirs to occur downdip from the canyon. However, the depth at 
which such a feature would occur (In excess of 4,500 m; 15,000 ft) must be 
considered when any attempts to exploit hydrocarbon reservoirs associated 
with a St. Landry deep-sea fan are made.
DISCUSSION
The Wilcox Group may be considered to be part of an early Tertiary 
supersequence according to the terminology of Vail et al (1977). This 
supersequence Includes sediments belonging to the Midway Group 
(Paleocene). At least seven deposltlonal (third order) sequences can be 
recognized In the Wilcox shelf-margin trend.
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Figure 1.23 shows a schematic sequence of events which led to the 
deposition of the Wiicox-Midway supersequence in Louisiana. This sequence is 
comprised of six major events. 1) A shelf-margin carbonate reef system 
(Edwards Reef trend) occurred in the area of central Louisiana near the end of 
the early Cretaceous (Albian) (Fig. 1.23a). 2) A major relative sea-level fall 
occurred at the end of the Albian (Vail et ai, 1977) resulting in the transport of 
sediments beyond the shelf-margin which, in turn, resulted in the creation of the 
onlapping sequence shown in figure 1.23b. As pointed out earlier, this event 
was an important phase in basin development around the Gulf Coast Basin. 
Deposition of sediments beyond the stable carbonate shelf-margin provided the 
foundation for successive progradational episodes which would extend beyond 
the lower Cretaceous shelf-edge. 3) As sediment supply was maintained during 
the ensuing rise of sea-level, the third sequence (Tuscaloosa Formation) was 
deposited close to and beyond the shelf-edge (Fig. 1.23c). 4) The continued 
relative rise in sea-level is depicted in figure 1.23d. Baslnal mudstones followed 
by thick Upper Cretaceous chalk sequences were deposited on top of the 
Tuscaloosa sediments. 5) As global sea-level began to fall at the beginning of 
the Tertiary, Midway and Wilcox sediments were deposited over the chalk 
sequences (Fig. 1.23e). 6) At the end of Wilcox deposition, a relative rise in sea- 
level results in the onlap of basinal mudstones belonging to the Claiborne 
Group (Eocene) (Fig. 1.23f).
From the series of regional well-log cross-sections constructed for this 
dissertation, it has been possible to add further detail to this sequence of events 
in regards to the deposition of the Wilcox Group. First, it is apparent that at least 
seven deposltlonal sequences can be recognized on the Wilcox shelf-margin. 
These sequences are comparable to the third-order sequences of Vail et al. 
Figure 1.24 is a schematic representation of the spatial distribution and relative
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Figure 1.23 Generalized sequence of events leading to the development of the
stable Wilcox shelf-margin.
a) Initial location of lower Cretaceous shelf-margin.
b) l^ajor fall in sea-level and deposition of sediments beyond the 
shelf-edge into deep water.
c) Progradation of shallow marine elastics onto and beyond the 
shelf-edge.
d) Continued rise in sea-level leading to the deposition of pelagic 
and hemipelagic muds and the extensive upper Cretaceous 
chalk sequences,
e) As sea-level began to fall again, Midway and Wilcox elastics 
were deposited on top of the stable carbonate platform.
f) A sea-level rise at the end of Wilcox deposition led to the 
deposition of pelagic and hemipelagic muds of the Claiborne 
Group on top of the Wilcox.
























































Figure 1.24 Stratigraphie relationships of the Wilcox supersequence within 
central Louisiana. Each sequence represents approximately 106 




thickness of these sequences from the stable region of the shelf-margin. It is 
clearly evident that a three-fold division of the Wilcox is not applicable in this 
region. However, it is possible that the lowermost deposltlonal sequences may 
not be recognizable in the updip region ('shallow Wilcox') because the regional 
shale markers do not extend that far updip. It is also evident from this diagram 
that the maximum limit of progradation did not vary significantly for most of 
Wilcox deposition and that the downdip limit did not extend much beyond the 
Tuscaloosa shelf-edge. The overall Wilcox supersequence reflects a relative 
balance between subsidence and deposition.
In an attempt to determine if the sequences observed on the Wilcox shelf- 
margin formed predominately in response to cyclic fluctuations in global sea- 
level rather than sediment supply (Vail et al, 1977), Lowry (Chapter four) has 
numerically simulated the sequence boundaries and shoreline locations which 
would result from these sea-level curves. It was concluded from these 
experiments that unrealistic values for sea-level cycle wavelengths and 
amplitudes would be required in order to approximate the observed sequence 
stratigraphy of the Wilcox shelf-margin. A closer approximation of the 
sequences was obtained using a hypothetical eustatic sea-level curve in which 
there was variation in the rate of fall over a 5 x105 year period.
The second major point regarding Wilcox shelf-margin deposition 
concerns thé role of the underlying shelf-margins. These pre-existing shelf- 
margins have had two important influences on the development of the Wilcox 
margin. First, the carbonate platform which formed behind the lower Cretaceous 
reef trends provided a relatively stable platform onto which successive clastic 
sequences could prograde. The occurrence of this stable platform meant that 
structural influence on the development of sequences which did not extend 
beyond the shelf-edge was relatively minor. Secondly, the relatively steep
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incline affronting the lower Cretaceous shelf-margin created an inherent 
instability (i.e. a glide plane) (Galloway, 1983) as sediments began to prograde 
basinward. The result of this instability was the generation of a highly unstable 
progradational clastic shelf-margin. There is evidence of syndepositional 
faulting of deep water Tuscaloosa sediments which prograded beyond the reef 
trend (Fig. 1.16). It appears that extensive deformation of Wilcox sediments 
(regional growth-faulting) was restricted to the area close to the main drainage 
axis of the ancestral Mississippi river. This appears to be the only region within 
the Louisiana Wilcox where the sequences prograded beyond the Tuscaloosa 
margin.
For the most part, it appears that the Wilcox shelf-margin of Louisiana 
may be similar to that of the modern Alabama shelf-margin (Fig. 1,25). In figure 
1.25, Addy and Buffler (1984) show that the Appalachicola delta complex has 
not prograded beyond the Cretaceous shelf-edge. The resultant Alabama shelf- 
margin is predominantly stable with minimal large-scale growth-faulting. 
Therefore, the Alabama shelf-margin is a valuable modern example of the way 
in which pre-existing topography can influence the structural and stratigraphie 
development of a stable progradational clastic shelf-margin.
CONCLUSIONS
1. The downdip Wilcox trend in Louisiana represents a shelf -margin setting.
2. A simple threefold division of the subsurface Wilcox in central Louisiana 
does not accurately describe the character of the basin-fill.














































Figure 1.25 Reflection seismic profile across the Alabama shelf-margin. This 
figure depicts the probable stratigraphie relationships of the Wilcox 
Group to the underlying shelf-margins in the stable region of the 
margin. oi4b.
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3. At least seven deposltlonal sequences can be recognized within the shelf- 
margin trend of the Wilcox in central Louisiana. These sequences are 
comparable to third-order global stratigraphie sequences.
4. In general, the shelf-margins which formed during Wilcox time exhibited 
minimal basinward displacement from their initial position.
5. The underlying carbonate platform provided a stable foundation over 
which successive sequences prograded. Consequently, most of the 
margins which formed in the central Louisiana region were relatively 
stable. The Alabama shelf-margin is a modern analogue for the stable 
shelf-margins of the Wilcox.
6. In those places where the Wilcox prograded beyond the stable platform, 
the margin became highly unstable and was subject to extensive 
syndepositional normal faulting.
7. A submarine canyon system referred to as the St. Landry Canyon occurs 
within the unstable region of the shelf-margin. It has a relatively shallow 
and broad cross-sectional profile. This feature is believed to have formed 
during a significant sea-level lowstand during Wilcox deposition.
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8. The potential for future hydrocarbon exploration activity along this shelf- 
margin trend appears quite promising. Downdip from the submarine 
canyon system, there is presumably a well-developed submarine fan 
complex with favorable exploration targets. Also, local stratigraphie traps 
against the canyon-fill clearly exist although their development potential is 
somewhat limited.
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CHAPTER II
SEDIMENTARY FACIES OF THE UPPERMOST 
WILCOX SHELF-MARGIN TREND: SOUTH-CENTRAL LOUISIANA
ABSTRACT
Fordoche field, which has estimated reserves in excess of 90 million 
barrels of oil and gas, contains several stacked sandstones that are part of a 
paleo shelf-margin trend within the downdip uppermost Wilcox of south-central 
Louisiana. Commonly referred to as the 'Deep Wilcox,' this trend contains at 
least one submarine canyon-fill and is coincident with the underlying 
Cretaceous carbonate reef trend. Thus, antecedent topography has significantly 
influenced the patterns of sedimentation and preserved sand-body geometry 
within this downdip Wilcox trend.
The main reservoir intervals appear 'blocky' on electric logs and their 
average thickness is 9.14 to 12.2 m (30 to 40 ft). They are laterally continuous in 
an east-west (strike) direction over a distance of 64.5 km (40 mi) and in a north- 
south (dip) direction over a distance of at least 9.68 km (6 mi). Analysis of over 
91.4 m (300 ft) of conventional core from the W8 sandstone within Fordoche 
field suggests deposition in a wave-dominated shoreface environment at or 
near the shelf-margin. Use of the term 'shelf-margin delta' or 'shelf-edge delta' 
has been avoided only because there is no direct evidence in the cores of a 
developed fluvial system; however, the sandstone bodies are believed to be 
somewhat analogous to late Quaternary Gulf Coast shelf-margin deltas.
65
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Six major lithofacies ('A' through 'F') are identified within the W8 
sandstone. Facies A through C, which constitute over 90% of the cored 
sequence, represent the initial progradation of inner-shelf and shoreface 
sandstones over outer-shelf and upper-siope mudstones. Facies D and E are 
sandstones and sandy mudstones that represent the remnants of a 
transgressive event that reworked upper shoreface and foreshore deposits. 
Facies F is composed of mudstones that represent suspension sedimentation in 
an outer-shelf environment associated with the ongoing transgression.
Optimum reservoir quality is associated with the less bioturbated upper 
portion of facies C. However, the highest permeability and porosity values occur 
within thin, discrete sandstone beds (5 to 30 cm: 1.95 to 11.7 in thick) 
(interpreted as tempestites) in facies B which underlies the main reservoir 
sandstone. These beds have been interpreted as tempestites, several of which 
produce hydrocarbons. Hov/ever, many of these beds are frequently 
bioturbated, thereby impairing reservoir homogeneity.




The Wilcox Group (Paleocene-Eocene) (Fig. 2.1) is a well-established and 
prolific hydrocarbon sequence in the northern Gulf of Mexico basin. Locally, the 
Wilcox is over 1,219 m (4,000 ft) thick and represents the initial influx of 
terrigenous clastic sediments to the Louisiana region of the basin during the 
early Tertiary. The majority of Wilcox oil and gas production within Louisiana 
originates from relatively shallow (914 to1,828 m; 3,000 to 6,000 ft), dip-oriented 
sandstone reservoirs in the northern region of the state (Craft, 1966). Toward 
the south and downdip from this developed region is a strike-oriented trend 
which extends 225.8 km (140 mi) from Livingston Parish in the east to the 
Texas-Louisiana state line in the West (Fig. 2.2). The average depth of the 
producing intervals is 3,048 to 4,267 m (10,000 to 14,000 ft). Significant oil and 
gas fields within the downdip 'Deep Wilcox' trend include Fordoche field (Point 
Coupee Parish) and Lockhart Crossing and Livingston fields (Self et al, 1985).
The purpose of this study is to examine the nature, distribution, and 
reservoir quality of sedimentary facies from a producing interval within this 
downdip trend in south-central Louisiana. This examination is based on the 
sedimentologic analysis of conventional cores from Fordoche field. In addition 
to core analysis, well-log correlations are used to construct cross sections that 
provide a regional stratigraphie perspective of the producing interval.
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Figure 2.1 Generalized Guif Coast Cenozoic stratigraphie column.
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Figure 2.2 Location map of oil and gas fields in central Louisiana showing 
structural contours on top of the Wilcox. The enclosed region in the 
lower part of the map is the study area for this investigation and 
shows the location of regional strike and dip cross sections in 
Figures 2.5 and 2.6 (modified from Oil and Gas Map of Louisiana. 
Louisiana Geological Survey, 1981). O)(O
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Stratigraphie Nomenclature
Owing to a limited number of surface exposures and pervasive lateral 
facies changes, correlation of formations from surface to subsurface has met 
with minimal success in Louisiana. Consequently, many subsurface geologists 
have adopted a simplistic threefold division of the Wilcox section based on 
electric-log pattern recognition (AIbach, 1979; Coates, 1979; Mulcahy, 1981; 
Rogers, 1983). The lower, middle, and upper Wilcox are interpreted as fluvial- 
dominated deltaic; deep-marine; and wave-dominated deltaic systems, 
respectively (Fisher and McGowen, 1967; Galloway, 1968). In practice, 
recognition of this threefold division within the Wiicox of Louisiana may obscure 
true stratigraphie relationships. In this paper, reference is made to locations 
within the section as being lowermost or uppermost simply to indicate relative 
position in the section and thus avoid possible unwarranted genetic 
connotations.
The most basinward trend of Wilcox production is frequently termed the 
'Deep Wilcox' because of the subsea depth of production intervals (Berg and 
Tedford, 1977; Edwards, 1980). Since most hydrocarbon production from this 
trend originates from the uppermost Wilcox sandstones, preference is given 
here to the term 'downdip uppermost Wilcox' to avoid confusion regarding the 
relative depth of reservoirs within the section.
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BfiflioiiaLQeQioqiç Setting
The Wilcox Group is the lowermost portion of a thick sequence of Tertiary 
clastic sediments deposited along the northern rim of the Gulf of Mexico basin. 
A narrow band of Wilcox outcrops extends from Alabama to Texas, but for the 
most part, the majority of the section is confined to the subsurface. 
Consequently, much of the present understanding of Wilcox depositional history 
is based primarily on well-log correlations and subsurface facies analysis 
(Fisher and McGowen, 1967; Galloway, 1968).
Three important aspects of the regional geologic setting of the present 
study area help improve our understanding of the paleogeography and 
stratigraphy of the uppermost Wilcox. First, through the analysis of foraminiferal 
assemblages, Anisgard (1970) determined that most of the mudstones of the 
downdip Wilcox trend were deposited in inner to middle-neritic marine 
conditions where average water depths were 30.5 m (100 ft). The foraminiferal 
assemblages were interpreted to be characteristic of turbid, poorly-oxygenated 
marine waters.
Secondly, Winker and Edwards (1983) documented the effect of a 
previously established Cretaceous shelf-margin on all subsequent deposition. 
From early Cretaceous to the Paleocene, shelf-margins remained within a 
relatively confined zone (Fig. 2.3) (Hendricks and Wilson, 1967; Stehli et al, 
1972; Christina and Martin, 1979; Winker, 1982). The early Cretaceous 
carbonate shelf-edge reef trend formed a stable, well-defined margin. When this 
margin was eventually overlain by clastic sediments, the flexure controlled the 
location of successive shelf-edges and created a regional zone of instability.







































Figure 2.3 Map of lower Cretaceous, Tuscaloosa/Woodbine, and Wilcox shelf- 
margin trends in the northern Gulf Coast with locations of Yoakum 
Channel and St. Landry Canyon (modified from Winker, 1982).
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The third aspect of the regional geologic setting pertinent to this study area 
is the discovery of a large mudstone-filled channel in St.Landry Parish (Fig. 2.3) 
(Lowry et al, 1986; McCulloh and Eversull, 1986). This feature is interpreted to 
represent a Wilcox submarine canyon system and appears similar to other thick 
mudstone channel-fiils in Texas (Hoyt, 1953; Chuber and Begeman, 1982). 
Given that modern submarine canyons (e.g. Mississippi Canyon) form at or near 
the shelf-margin, data from this study, when merged with previous 
paleontological and stratigraphie findings, suggest that sediments of the 
downdip Wilcox trend in Louisiana were deposited close to the shelf-margin.
FORDOCHE FIELD
Development History
Wilcox production in Fordoche field was first established in November 
1965 from the Sun Kent #1 discovery well (Pierson, 1970). The Kent #1 well is 
significant in that it helped establish a new production trend in the downdip 
Wilcox in south-central Louisiana. Initial production was 411 barrels per day 
from two intervals. The shallowest interval occurs at 4,201 to 4,205 m (13,784 to 
13,796 ft) and the deeper interval at 4,247 to 4,262 m (13,933 to 13,983 ft). 
Fordoche field occurs within a 'deep-seated' anticline associated with a major 
growth-fault. There are five producing intervals within the field, referred to as the 
W4, W5, W8, W12, and W15 sandstones (Fig. 2.4). This paper examines the 
sedimentary characteristics and reservoir quality of the W8 sandstone.
Estimated reserves-in-place for Fordoche field are approximately 91
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Figure 2.4 Wilcox "type-log" for Fordoche Field from the N. Smith Jr. #8 well.
Core sequences from the W8 Sandstone (stippled) are examined in 
this study. Main producing intervals are labeled (Modified from 
Eckles et al., 1981).
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million barrels (91 mm bbl.). However, as of 1983, ultimate recovery after 
reservoir stimulation was estimated at only 27.6 million barrels (27.6 mm bbl.) or 
30%. Sun Oil Company, the major operator in the field, began a miscible gas 
enhanced-recovery project that has proved to be very successful. Nitrogen 
injection from three wells greatly increased reservoir pressures and flow rates, 
especially for the W8 sandstone. The W8 interval has yielded 11.7 million 
barrels (11.7 mm bbl.) of highly volatile oil (45.8° API gravity), which is 
approximately 31% of the estimated oil in place. Information gained from this 
study pertaining to the input of depositional controls on reservoir quality and 
performance should be helpful in planning any further enhanced-recovery 
projects.
Reservoir geometrv and growth-faulting
The W8 sandstone is one of three thick sandstone intervals that occur 
within a sedimentary package which is 64.5 km (40 mi) long and almost 91.4 m 
(300 ft) thick (Fig. 2.5). All three sandstones rapidly pinch out over 9.68 to 11.29 
km (6 to 7 mi) in a basinward direction (Fig. 2.6). Updip, the character of the 
package, as determined from well-logs, is significantly different and consists of 
interbedded sandstones and shales (Fig. 2.6).
It is clearly evident from figure2.6 that faulting has had a significant 
influence on deposition in this area. It has been interpreted that fault A (Fig. 2.6) 
was active during Wilcox deposition, whereas movement on fault B occurred 
after Wilcox deposition. Both of the faults depicted on the dip cross-section are 
major syndepositional faults, commonly referred to as growth-faults (Lehner, 
1969; Busch, 1975). Growth-faults are very common at unstable shelf-margins
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Figure 2.5 Regional strike-oriented cross-section (A-A') through the uppermost 
Wilxcox of the study area (see Fig. 2.2 for location of section). The 
W8 Sandstone is indicated by a stippled pattern. Note that the W8 
overlies a thick sandstone sequence that pinches out along strike to 
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Figure 2.6 Regional dip-oriented crcss-section (B-B') through the uppermost 
Wilcox of the study area (see Fig. 2.2 for location of section). The W8 
Sandstone is stippled in the Sherburne Land #1 well which was 
used to define the along-strike continuity of the W8 in cross section 
A-A' (Fig. 2.5). Note rapid lateral facies changes in the W8 in a 
downdip and updip direction. •Nl
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(Jackson and Galloway, 1984; Winker and Edwards, 1983). The net result of 
this type of faulting is a thickening of section on the downthrown side of the fault 
and the development of rollover anticlines (Durham and Peoples, 1956; Martin, 
1978). Such rollover anticlines are perhaps the most common exploration 
prospect in the Gulf Coast.
Although the influence of growth-faulting can be demonstrated on a large 
vertical scale (3.28x10^ to 3.28x10^ m: 10^ to 10^ ft) (Thorsen, 1963), its effect 
on a discrete depositional event (e.g. a progradational shoreface sequence 
which may be 10 to 15 m (32.81 to 49.2 ft) thick is less clear. Edwards (1981) 
suggests that growth-faulting played an important role in the development of 
upper Wilcox shelf-edge deltas in southern Texas, whereas Suter and Berryhill 
(1985) concluded that it had relatively little influence on the development of Gulf 
Coast late Quaternary shelf-margin deltas. The results of this study indicate that, 
although growth-faults are apparently important, they may not be a necessary 




Approximately 91 m (300 ft) of conventional cores from five different wells 
were used to examine the W8 sandstone of Fordoche field (Fig. 2.7). A detailed 
sedimentoiogic description was written for all cores in order to determine the 
following: (1) the sedimentary characteristics and recognition criteria of distinct 
lithofacies, (2) the processes responsible for deposition of the sediments, (3) the
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environment in which the sediments were deposited, and (4) the relationship 
between primary patterns of sedimentation and reservoir quality.
Six distinct sedimentary facies (A to F) have been recognized in the W8 
sandstone interval. On the basis of core analysis, a summary of sedimentary 
characteristics (i.e. lithology and physical and biogenic sedimentary structures), 
sequence characteristics, and relative reservoir quality for all facies has been 
compiled (Table 2.1). A composite sedimentary sequence showing the vertical 
succession of facies in the W8 sandstone has been compiled principally from 
analysis of core from the N. Smith Jr. #8 well located near the central portion of 
Fordoche field (Figs. 2.7, 2.8).
The vertical sequence of facies in the W8 interval is dominated by a 
relatively thick (10.67 to 12.19 m: 35 to 40 ft), burrowed, and massive-appearing 
sandstone (facies C) that shows an upward increase in sand percentage. 
Underlying and gradational with facies C is a burrowed muddy sandstone with 
laminated sandstone interbeds (facies B). Facies B and C are the major 
reservoir units in the W8 interval. In almost all producing wells, facies C is 
capped by a thin (0.61 to 0.91 m: 2 to 3 ft), calcareous, tightly cemented, very 
fine-grained sandstone that appears to be a potentially important diagenetic 
reservoir seal. Contorted and lenticular-bedded mudstones of facies A underlie 
the interbedded sandstone interval (facies B). Bioturbated sandy mudstones 
(facies E) and lenticular-bedded to laminated mudstones (facies F) overlie the 
main sandstone interval (Fig. 2.8).
A complete succession of photographs showing sedimentary structures 
and lithologies for the entire cored interval from the N. Smith Jr. #8 well is 
provided in figures 2.9 to 2.17. The descriptions of the individual facies 
presented below are arranged from shallowest to deepest in order to facilitate
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Figure 2.7 Map of Fordoche Field. Note locations of cored wells including the 
N. Smith Jr. #8 well in T6S, RBE, sec. 41. Cross-section C-C is 
through the central axis of the field.
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Figure 2.8 Schematic core description for N. Smith Jr. #8 well. This sequence 
IS  interpreted to be characteristic of the W8 Sandstone.
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sequential reference to the core photographs. Facies A through F and the 
contacts between these facies are labeled in the photographs in order to 
facilitate correlation with the core description shown in figure2.8.
Facies F
Facies F (Cored interval: 13,172 to 13,178 ft) is a lenticular-bedded and 
laminated mudstone (55% silt and 40% clay). A gradual decrease in the 
presence of glauconite from less than 3% at the base to less than 1% at the tojD 
of the unit is observed. Traces of pyrite (< 2%) are concentrated adjacent to 
and within silt-filled burrows. Siltstone laminae are 3 to 5 mm (0.12 to 0.2 
in) thick on an average and contain both connected and disconnected lenses 
(Fig. 2.9). Burrow types within the interval are primarily horizontal, silt-filled and 
ovate. Overall diversity and abundance of burrow types is low.
Facies E
Facies E (Cored interval; 13,178 to 13,181.5 ft) is a glauconite-rich (10% to 
15%), bioturbated sandy mudstone. The diameter of individual glauconite 
pellets ranges in size from 3 to 6 mm (0.12 to 0.23 in). The sand fraction (mean 
grain size, 80 to 90 pm) constitutes 40% of the total interval and decreases in 
abundance upward to less than 10%. This unit is extensively burrowed 
to bioturbated (Figs. 2.9, 2.10). Rare horizontal laminations are the only 
physical sedimentary structures that have been observed. Slderite concretions 
are also present in this facies. The uppermost contact is gradational over a 30 
to 40 cm (11.7 to 15.6 in) interval and corresponds to a gradual decrease in 
glauconite content. The lower contact is sharp.
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Figure 2.9 Core photograph of 13, 172-13, 181 ft (4,015-4,018 m) from the N.
Smith Jr. #8 well showing the lowermost portions of facies F and 
uppermost portions of facies E. Lenticular bedding (a), glauconite 
pellets (b), and slderite concretions (c) are shown. Core is 
approximately 3 in. (7.5 cm ) in diameter.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2.10 Core photograph of 13,181-13, 192 ft (4,018-4,021 m) from the N.
Smith Jr. #8 well. Note sharp contact (arrow) between facies 0  and 
facies D. Carbonate concretions (d) are common features in facies 
D.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2.11 Core photograph of 13,192-13,203 ft (4,021-4,024 m) from the N.
Smith Jr. #8 well showing the massive-appearing sandstones 
characteristic of facies 0.
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Figure 2.12 Core photograph of facies 0  from 13,203-13,213 ft (4,024-4,027 
m) In the N. Smith Jr. #8 well. Note decrease In the amount of 
burrowing upward.
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Figure 2.13 Core photograph of 13,213-13,223 ft (4,027-4,030 m) from the N.
Smith Jr. #8 well. Note location of Ophiomorpha burrow at 13,214.5 
ft (see Fig. 2.19A).
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Figure 2.14 Core photograph of 13,223-13,233 ft (4,030-4,033 m) from the N.
Smith Jr. #8 well showing characteristic features of facies B. Note 
amalgamation of sandstone beds (e) at 13,224 ft and discrete 
sandstone beds at 13,224.5 ft (see close-up photo in Fig. 2.20A).
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Figure 2.15 Core photograph of facies B from 13,233-13,243 ft (4,033-4,036 
m) in the N. Smith Jr. #8 well. Note Planolites burrow (f), and 
Teichichnus burrow (g). Thin discrete sandstone bed at 13,237.2 ft 
is shown in close-up photo in Figure 2.200.
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Figure 2.16 Core photograph of 13,243-13,250 ft (4,036-4,039 m) from the N.
Smith Jr. #8 well. Note Terebellina burrow (h) and Chondrites 
burrow (i) in facies B. Load-casted ripple at 13,245.8 ft is shown in 
detail in Figure 2.21 A.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2.17 Core photograph of facies A from 13,250-13,260 ft (4,039-4,042 
m) in the N. Smith Jr. #8 well. Note contorted (j) and lenticular (k) 
bedding. Contorted bedding at 13,251.6 ft is shown in detail in 
Figure 2.21 C.
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Facies D
Facies D (Cored interval: 13,281.5 to 13,283 ft) is a calcareous, very fine­
grained sandstone. It is a massive-appearing, relatively thin unit (0.5 m: 1.64 ft) 
and exhibits g rain-size characteristics similar to those of facies 0 (mean grain 
size, 100 to 125 pm; maximum, 150 pm). However, facies 0  and D 
differ mineralogically by the presence of abundant, diverse calcareous 
fragments and epigenetic carbonate concretions in facies D (Fig. 2.10). 
Individual foraminifers {Miliolid) and bivalve and gastropod fragments are 
present within this facies (Fig. 2.18). The localized abundance of carbonate 
material has yielded a tightly cemented interval overlying the main reservoir 
sandstone. No physical or biogenic sedimentary structures are observed in 
facies D.
Facies C
Facies 0  (Cored interval: 13,183 to 13,223 ft) Is a burrowed and massive- 
appearing, very fine-grained sandstone. It represents the major producing 
reservoir within the W8 sandstone. The average thickness of facies C within 
the central part of the field is 12.2 m (40 ft). Relative proportions of sand-size 
and silt-size material range from 60% to 30%, respectively, near the base, and 
from 80% to 15%, respectively, throughout the remainder of the interval. 
Average grain size is 100 to 125 pm with a maximum of 150 pm. Traces of 
glauconite (< 2%) are also present. There is a general 'cleaning-upward' trend 
within the facies as the mud content decreases in an upward direction. The 
entire interval has been extensively burrowed and, therefore, few physical 
sedimentary structures are preserved (Figs. 2.10, 2.11, 2.12, 2.13). 
Ophiomorpha burrows are the predominant burrow type and are most common
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Figure 2.18 Close-up photograph of calcareous sandstone from facies D (see 
Fig. 2.10 at 13,182 ft). Note abundant shell fragments.
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in the lower half of the facies (Figs. 2.19a, b). In the upper half of the unit, fewer 
distinct burrows can be recognized and the intensity of burrowing decreases.
Facies B
Facies B (Cored interval; 13,223 to 13,245 ft) is a burrowed muddy 
sandstone with laminated sandstone interbeds. It is an interbedded unit which 
grades from a sandy mudstone at the base (20% sand) to a muddy, very fine­
grained sandstone (70% to 80% sand) at the upper contact. Well-sorted, very 
fine-grained sandstone (mean grain size, 90 to 100 pm) beds, ranging from 5 to 
30 cm (1.95 to 11.7 in) thick, are interbedded with the burrowed muddy 
sandstone (Figs. 2.14, 2.15, 2.16). Glauconite (2% to 3%) occurs throughout, 
with traces (< 1%) of pyrite occurring primarily in the basal portions of the unit. 
The discrete sandstone beds within facies B exhibit sharp lower contacts (Figs. 
2.14, 2.15, 2.20a, c). Individual bed thickness in addition to the frequency of 
occurrence of individual beds increases upward in the sequence (Fig. 2.14). 
The thickest of the sandstone beds (30 cm: 11.7 in) occurs near the top of facies 
B and may represent amalgamation of smaller individual beds. Although many 
of the sandstone beds are massive in appearance (Fig. 2.20a, c). X-ray 
radiographs reveal horizontal to low-angle planar-tabular laminations near the 
base of each bed (Fig. 2.20b). Fine-scale, normal-graded bedding is also 
observed in the discrete sandstone beds of facies B (Fig. 2.20d).
Numerous burrows occur within facies B, including Teichichnus, 
Planolites, and Terebellina (Figs. 2.15, 2.16). The diversity of burrows 
is generally low to moderate. The greatest diversity occurs within the muddy 
sandstone. It should also be noted that the discrete sandstone beds of facies B
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Figure 2.19 [A] Close-up photograph of burrowed sandstone from facies C 
(see Fig. 2.13 at 13,214.5 ft). Note abundance of Ophiomorpha 
burrows (1). [B] X-ray radiograph of cored interval in Figure 2.19A. 
Note abundance of burrowing and lack of any preserved physical 
sedimentary structures.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2.20 [A] Close-up photograph of thin (<5 cm) very fine-grained 
sandstone bed in facies B (see Fig. 2.14 at 13,224.5 ft). [B] X-ray 
radiograph of cored interval in Figure 2.20A. Note faint horizontal to 
low-angle planar-tabular laminations at the base of the photo (m). 
[G] Close-up photograph of thin (<5 cm) very fine-grained sandstone 
bed from facies B (see Fig. 2.15 at 13,237.2 ft). Note sharp lower 
contact (n) and burrowed upper contact (o). [D] X-ray radiograph of 
cored interval in Figure 2.20C. Note horizontal laminations and 
normal grading within laminations. Arrows represent coarser- 
grained (light) and finer-grained (dark) sediment. Also, note 
burrowing which has subsequently destroyed laminations.(p).
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have the highest recorded permeability and porosity values (98 md and 25%, 
respectively), as determined from plug data (Table 2.1).
Facies A
Facies A (Cored interval: 13,245 to 13,260 ft) is a mudstone (50% clay; 
45% silt) which is characterized by the presence of contorted and lenticular 
beds (Figs. 2.16, 2.17). Lenticular siltstone beds are 1 to 10 mm (0.039 to 0.39 
in) thick, flat, and connected. Traces of glauconite (< 1%) occur adjacent to 
fragments of organic detritus, primarily in the lower portion of the interval. 
Contorted bedding in facies A is a product of soft-sediment deformation which 
exhibits components of thrusting and considerable disruption of the original 
bedding (Figs. 2.17, 2.21c). Approximately 40% of facies A exhibits this style of 
bedding. The most abundant physical sedimentary structures are thin (1 to 3 
mm: 0.039 to 0.12 in), streaky, and lenticular siltstone laminations. In a few 
places, these siltstone lenses may be recognized as load-casted ripples (Figs. 
2.16, 2.21a, b). These sedimentary structures indicate a depositional 
environment in which the hydraulic regime was constantly fluctuating between 
periods of increased and decreased fluid motion, and/or sediment supply was 
episodic.
Biogenic activity, as recognized by the degree of burrowing in the facies, is 
relatively low (< 10% of the cored interval). Few distinct burrows can be 
recognized; however, those which do occur are primarily ovate, less than 1.5 
cm (0.585 in) in diameter, horizontal, and siltstone filled.
Distinction of the upper contact between facies A and B (Fig. 2.16) is based 
on the following parameters: 1) a decrease in the amount of soft-sediment 
deformation, and 2) an increase in the degree of siltstone laminations.
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Figure 2.21 [A] Close-up photograph of a load-casted ripple from fades A (see Fig. 2.16 at 13,245.8 ft). [B] 
Sketch of cored interval in Figure 2.21 A. Note truncation surfaces of individual laminations. [0] 
Close-up photograph of cored interval in facies A ilustrating contorted bedding resulting from 




DEPOSITIONAL PROCESSES AND EVENTS
Evidence from physical and biogenic sedimentary structures observed in 
the cored interval suggest three major events: (1) initial deposition during 
progradation of inner-shelf and shoreface sediments over outer-sheif/upper- 
slope muds (facies A to 0); (2) erosion of upper shoreface and foreshore 
sediments during a subsequent transgression and development of a 
ravinement surface (facies D); and (3) continued sea-level rise and deposition 
of shelf muds below storm wave-base (facies E and F).
Data suggest that facies A was deposited in an outer shelf to upper slope 
setting. While dominated by deposition from suspension of muds, this 
environment was punctuated by periods of increased energy and sediment (i.e. 
siit and sand) availability. The occurrence of discontinuous siltstone lenses 
reflects the development of small-scale ripple-bedding in an otherwise 
sediment-deficient environment. The frequent occurrence of contorted bedding 
in facies A appears to be a product of deposition on an unstable substratum 
which was subject to gravity-flow processes. Another important aspect of this 
facies is the lack of biogenic sedimentary structures. This suggests that either 
sedimentation rates were extremely high or that the environment was hostile to 
benthic organisms. Since the mudstones in the overlying facies (B) are 
extensively burrowed, it has been concluded that facies A was deposited under 
oxygen-deficient conditions (Anisgard, 1970). The common occurrence of pyrite 
nodules in facies A also suggests that deposition occurred under reducing 
conditions. Increasing biogenic activity in the overlying facies occurs in 
response to the development of more oxygenated marine conditions.
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In addition to the increase in abundance and diversity of burrow types in 
facies B, there is a concomitant increase in the frequency and intensity of 
episodes of coarser-grained (i.e. fine sand size) sedimentation. Sedimentary 
structures and sequences within the discrete sandstone beds are similar to 
those observed by Brenchley (1985). The sharp basal contact in each bed is 
believed to form in response to initial erosion by basinward-directed 
geostrophic flows (Swift et al., 1985). The upper contact became burrowed 
during postdepositional fair-weather periods. With the exception of horizontal 
parallel laminations and minor normal-graded bedding, none of the beds 
examined contained the idealized tempestite sequences described by 
Bourgeois (1980), Aigner (1985), or Walker (1984). It is possible that extensive 
burrowing at the upper contact destroyed any manifestation of hummocky or 
wave-ripple cross-stratification. However, it is worth noting that the dimensions 
of hummocks (1 to 3 m; 3.28 to 9.84 ft) are such that direct observation of this 
stratification type in cores with a diameter of 6 cm (2.34 in) is extremely difficult. 
Therefore, indirect evidence such as low-angle truncation surfaces; multiple 
directions of dip of laminasets; draping of laminae; and erosional lower contacts 
can be used to Infer the presence of this feature in conventional cores. On the 
basis of characteristics including trace fossil assemblage; high abundance and 
diversity of burrow types; and the increasing frequency and upward thickening 
of sandstone beds, this facies is interpreted to have formed in a zone seaward 
of fair-weather wave-base, but within storm wave-base.
Facies C reflects deposition in an environment dominated by biogenic 
activity. There is, however, a subtle yet significant change in the relative rate of 
physical versus biogenic processes within the facies. In the lowermost half of
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dispersed throughout the sandstone matrix. Although grain size remains 
essentially unchanged, the degree of burrowing and mud content decreases, 
thereby reflecting an increasing influence of physical processes (waves). Within 
the upper part of facies C, localized horizontal planar-tabular laminations are 
found. These parallel laminations probably formed as a result of deposition from 
suspension. Sediment was suspended in response to increased wave activity 
which suggests an aggradation of the facies into a more energetic zone. The 
degree of wave action, however, was evidently insufficient to dominate over 
biogenic processes.
Facies C was deposited in the transition zone and lower shoreface 
environments as defined by Reineck and Singh (1980) and Howard and 
Reineck (1981). The problem in this interpretation is the fact that facies C is 
much thicker than the entire beach-to-shelf sequence observed in modern low 
wave-energy environments. However, for higher wave-energy environments, 
Howard and Reineck (1981) have shown that the entire shoreface and 
transition zone package is substantially thicker even though sedimentary 
sequences and characteristics remain the same. This unusual thickness (> 12 
m: 39.37 ft) is evident in facies C and reflects the higher wave-energies 
associated with deposition at the shelf-margin.
The contact between facies C and D is a disconformity in the cored 
sequence and marks the initiation of a transgressive phase of deposition. The 
hiatus is reflected in the lack of upper shoreface and foreshore stratification in 
the cored sequence. The abundance of carbonate shell fragments and sand- 
size grains in facies D is associated with decreased sediment supply and a 
winnowing of fine-grained material.
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Facies E is glauconite-rich and bioturbated, thereby reflecting the 
dominance of biogenic processes. This facies represents deposition on a 
sediment-deficient shelf during a transgression. The shelf is probably below 
storm wave-base.
With the continued rise of relative sea level, facies F was deposited in 
deeper water on the shelf under conditions which were hostile to bottom- 
dwelling fauna. Although similar to facies A, this facies lacks the contorted 
bedding prevalent in facies A. Laminated siltstone lenses suggest episodic 
coarser-grained sedimentation. Facies F represents the culmination of the 
depositional event responsible for the formation of the W8 sandstone.
DEPOSITIONAL MODEL
Characteristics including geometry, lateral continuity, thickness of the 
sequence, and proximity to the shelf-margin suggest that the W8 sandstone 
represents a progradational shoreface sequence that formed at or near the 
shelf-edge (Fig. 2.22). The role of subsidence due to growth-faulting or 
sediment compaction cannot be dismissed as a possible mechanism for the 
development of such a thick lower shoreface sequence. However, it is equally 
likely that the thickness of the sequence reflects primary depositional control.
Sand bodies forming at a shelf-margin are subject to much higher wave- 
energy than those forming on a broad shallow shelf where wave refraction and 
energy dissipation are greater. The two sandstone intervals underlying the W8
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WILCOX SHELF - EDGE DELTA MODEL
Figure 2.22 Block diagram depicting a paleogeographic reconstruction of the 
depositional setting for the W8 Sandstone, specifically a prograding 
shoreface system at the shelf edge.
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sandstone (Fig. 2.4) probably represent similar depositional events which 
indicates that the depositional episode is made up of three stacked prograding 
shoreface sequences. Since there is no direct evidence of a fluvial system 
associated with the sand body, the applicability of a shelf-edge delta model is 
debatable. Although it is implicit in the development of a progradational 
sequence at the shelf-edge that there must also be an associated fluvial system 
(Suter and Berryhill, 1985), the recognition of these features may be beyond the 
resolution afforded by the available subsurface data.
RESERVOIR QUALITY
Of the six sedimentary facies recognized in the Fordoche field study area, 
only two (B and C) are associated with any significant hydrocarbon production. 
The uppermost half of the burrowed and massive-appearing sandstone of 
facies C and the laminated sandstone interbeds of facies B display the highest 
permeability and porosity measurements as determined by core-piug data 
(Table 1 ). Hence, they potentially possess the best 'reservoir quality'.
The laminated sandstone interbeds of facies B have the highest average 
permeability (10 to 98 md) and porosity (10% to 23%) values in the W8 
sandstone (Fig. 2.23). Average oil saturation values for these beds is 15% to 
23%. However, although these values are strongly suggestive of high reservoir 
quality, the sandstone beds of facies B are relatively thin and interbedded with 
non-permeable mudstones (Figs. 2.8, 2.23). Therefore, despite the intermittent 
high porosity and permeability values, facies B lacks reservoir homogeneity and 
continuity and is classified as relatively poor quality.
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Figure 2.23 Reservoir characteristics and downhole electric log signatures for 
cored sedimentary facies from the W8 Sandstone interval in the N. 
Smith Jr. #8 well. Petrophysical data is from core plugs. Note 
extremely high permeability at the top of facies C and in the thin 
beds at 13,230 ft in facies B.
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Fades C is a burrowed and massive-appearing, very fine-grained 
sandstone. It has the highest overall reservoir quality and is the main producing 
interval within the W8 sandstone. Measured porosity values in facies C show 
minimal variation in the cored interval.of the N. Smith Jr. #8 and range from 
15% at the base of the unit to a maximum of 22% at the top (Fig. 2.23). The 
permeability and overall reservoir quality of facies C appears to be controlled by 
the original depositional fabric of the sandstone, as there is a strong correlation 
between permeability trends and the degree of biogenic versus physicai 
sedimentary structures. The lower two-thirds of facies C (Cored interval; 13,195 
to 13,223 ft) is a highly burrowed to bioturbated interval with average 
permeability values of 0.1 to 1.0 md (Figs. 2.8, 2.23). It seems likely that the high 
degree of biogenic reworking has altered the original depositional fabric of the 
sandstone. The silt and clay linings of the burrowed traces in this interval 
probably yield numerous small-scale permeability barriers. The upper one-third 
of facies 0  (Cored interval: 13,183 to 13,195 ft) is a massive-appearing 
sandstone with low-angle planar laminations and relatively few burrow traces. 
Average permeability values in this interval are 5 to 15 md (Fig. 2.23). This high 
degree of reservoir quality is apparently due to the lack of biogenic reworking. 
The reservoir quality of facies C is greatly enhanced by its consistency in 
thickness and lateral continuity of the sandstones within Fordoche field (Fig. 
2.24). The lateral continuity yields a homogeneous and continuous (along- 
strike) reservoir.
Another important facies within the W8 sandstone interval is facies D. It is a 
well-cemented, calcareous, very fine-grained sandstone. Average measured 
porosity values of 4% in facies D are probably a product of the dissolution of
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very low average permeability values (< 0.1 md) (Table 1 ; Fig. 2.23). Facies D is 
a potential diagenetic seal for hydrocarbons. This facies immediately overlies 
the main reservoir unit (facies C) and is laterally continuous through out most of 
Fordoche field (Fig. 2.24). Therefore, its potential value as a diagenetic seal is 
enhanced.
CONCLUSIONS
1. The downdip uppermost Wilcox trend in south-central Louisiana, including 
Fordoche field, is coincident with the location of the lower Cretaceous 
carbonate reef trend and upper Cretaceous clastic shelf-margins. The 
position of the shelf-edge was maintained at least through deposition of 
the uppermost Wilcox.
2. Fordoche field is an important Wilcox oil and gas field which produces 
within a strike-oriented exploration trend that extends east to west in south- 
central Louisiana. The strike-oriented trend is associated with a paleo 
shelf-margin. Additional production should be found along this downdip 
trend.
3. On the basis of electric-log correlations and sedimentologic analysis of 
conventional cores, it has been proposed that deposition of the W8 
sandstone occurred as a prograding shoreface at or near the shelf-edge.
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important. Many of these storm beds have the largest permeability and 
porosity values of the entire sequence. However, the high degree of 
burrowing and lack of vertical homogeneity reduce the potential of their 
reservoir quality.
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CHAPTER III
SEDIMENTARY FACIES FROM A SHOREFACE SEQUENCE IN A STABLE 
SHELF-MARGIN SETTING: THE WILCOX GROUP (PALEOCENE - EOCENE),
CENTRAL LOUISIANA
ABSTRACT
Conventional core data from a stable portion of an ancient shelf-margin 
provide valuable insight into the preserved sedimentary facies within this 
depositional system. The core data are from a relatively large, strike-oriented 
sandstone body which is over 65 km (40 mi) long, and in places is 16 to 23 km 
(10 to 14 mi) wide. Thickness of the sandstone interval is relatively uniform and 
averages between 9.1 to 13.7 m. (30 to 45 ft).
In a previously published paper (Self et al, 1986), the authors interpret 
the sequence as representing a subaqueous shoai or 'nearshore marine bar' 
which lies seaward of a tidal flat complex. In contrast to the shoal model, this 
author's interpretation depicts a truncated progradational strandplain shoreface 
sequence overlain and underlain by shelf mudstones.
Although the sandstone body occurs within a relatively stable region of 
the shelf-margin, evidence from well-logs and conventional cores show that 
some syndepositional normal faulting occurred. Fault motion led to some local 
thickening of mudstones across the fault plane; however, the movement had 
little effect on the thickness of the sandstone body. In the interpretation of Self et 
al (1986), activation along a growth-fault after deposition of the 'bar' resulted in
115
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the constriction of flow of iagoonal tidal channels and the creation of a scoured 
channel. In light of the proposed interpretation, this 'channel facies' has been 
re-interpreted to have formed either in response to a relative sea-level fall or 
density driven fiows. The net resuit is a small scale fan-like feature at the base 
of the growth-fault scarp.
When the shoreface sequence is compared to one from a strongly 
growth-faulted portion of the margin, there is little difference in the overall 
thickness of the intervals. The apparent sharp basal contact of the shoreface 
sequence reflects an absence of a well-defined transition zone facies in the 
sandstone body located in the stable region of the margin. It Is proposed that 
the feature in the stable region formed during a sea-level fall coupled with an 
abundant sediment supply. Therefore, this study presents a facies model for a 
regressive shoreface sequence which has not been previously well- 
documented.
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IN TR O D U CTIO N
Sandstone bodies which have formed at or near the shelf edge have 
been the focus of attention in recent years as their potential as exceüent 
hydrocarbon reservoirs has been realized. Suter and Berryhill (1985) presented 
an excellent account of the seismic expression of shelf-margin deltas which 
formed during the last sea-level lowstand on the Louisiana and Texas 
continental shelves. Winker and Edwards (Winker, 1982; 1984; Edwards, 1980; 
1981; and Winker and Edwards, 1983) presented several studies on the 
subsurface character of Gulf Coast Tertiary shelf-margin deltas. However, these 
studies were based exclusively on well-log and seismic data. Therefore, it 
becomes apparent that there is an absence of information on the sedimentary 
facies of shelf-margin depositional systems as observed in cores.
Conventional core data from an important oil field associated with an 
ancient shelf-margin trend were examined in this study. These cores come from 
uppermost Wilcox (Paleocene-Eocene) rocks in the Lockhart Crossing field, 
Livingston Parish, Louisiana (Fig. 3.1) and, specifically, from the '1st Wilcox' 
sandstone. These data provide a significant opportunity to gain insight into the 
nature of preserved sedimentary facies within the stable clastic shelf-margin. In 
addition, well-log data were used to examine the influence of syndepositional 
faulting on the development of sandstone bodies within this depositional 
system.
In a previously published paper. Self et al (1986) interpreted the '1st 
Wilcox' interval as representing a subaqueous shoal or 'nearshore marine bar' 
which formed during an overall regressive phase. In this paper, an alternate
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Figure 3.1 General location map of Louisiana and Lockhart Grossing field 
within Livingston Parish.
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model depicting a truncated progradational shoreface sequence overlain by 
shelf muds is presented. In the subsurface, where there is often limited core 
data available, it is possible that the truncated shoreface sequence may appear 
to be morphologically and sedimsntologically similar to some shelf-shoai facies 
models. Therefore, an objective of this paper is to present criteria which will 
facilitate the distinction between truncated shoreface and shelf-shoal 
sequences.
A perspective of the '1st Wilcox' interval in relation to regional Wilcox 
stratigraphy in Louisiana will be presented in this paper. An examination of two 
important aspects of the truncated shoreface sequence will subsequently be 
presented. These aspects are: a) preserved lithofacies, and b) the effect of 
growth-faulting on the development of the depositional feature. The facies 
sequences of the truncated shoreface are then contrasted with those for shelf 
shoals. Finally, criteria which may be used to distinguish these two features in 
the subsurface, where limited core data are available, are presented.
WILCOX DEPOSITIONAL SEQUENCES
General backoround
The Wilcox Group represents the incipient stage of Tertiary fill of the Gulf 
coast basin and reaches a maximum thickness of 1219 m (4000 ft) within the 
Louisiana subsurface. Two distinct oil and gas production trends are 
recognizable within the state. The first trend is located in the northern part of the 
state and is primarily dip-oriented. The second trend extends east-west through
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
120
shelf-margins. The second trend (hereafter referred to as the Wilcox shelf- 
margin trend) defines the basin ward limit of the main Wilcox sandstone facies.
Lowry (Chapter one) has shown that the subsurface Wilcox shelf-margin 
trend in central Louisiana is comprised of at least seven major depositional 
sequences. Each sequence is bounded by a regional transgressive mudstone 
interval. The mudstones interfinger with sandier lithofacies updip and merge 
into basinal facies downdip. No exact age ranges for the sequences are 
available; however, on the basis of the duration of Wilcox deposition (~7 to 8 
me) and the number of sequences, it is likely that they are comparable to third 
(1 0 6  to 107 years) or fourth-order (104 to 10® years) global sea-level cycles as 
described by Vail et al (1977).
The vertical arrangement of depositional sequences within the Wilcox 
shelf-margin trend is shown in figure 3.2. It is apparent that there has been 
relatively little migration of the most basinward extent of the sequences from 
their original downdip location. One may conclude that this pattern reflects an 
equilibrium between sediment supply, subsidence, and high order relative sea- 
level change.
Stratigraphie relationships of the '1st Wilcox' depositional event
This study is focused on a depositional event which occurs within the 
final Wilcox depositional sequence W-VII. This sequence is comprised of at 
least five other depositional events (Fig. 3.3). Down-dip, the boundaries 
between individual events in this area are relatively easy to identify. Up-dip,





















^  CD <D
* # m g #  






































CROWN ZELLERBACHD-1 .PRUET 






GALLON A THOM #1 
REX TIMBER
TOP OF WILCOX
. 'Is t Wilcox* ■









Figure 3.3 Dip cross-section through W-V11 sequence in St. Helena and 
Livingston Parishes. (See Fig. 3.1 for location). Depositional events 
are marked 1-6; the '1st Wilcox' is event #5.
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however, they become progressively more difficult to recognize as the 
transgressive mudstone facies pinches out.
Figure 3.4 is a net sandstone map of the lower half of sequence W-VII 
which depicts the maximum limit of sandstones occurring within the central 
region of Livingston Parish. In comparison, figure 3.5 is a net sandstone map for 
the upper half of the sequence. Two important differences between figures 3.4 
and 3.5 are revealed. First, the down-dip limit of the main sandstone facies in 
the upper half of the depositional sequence has been translated 32.25 to 40.3 
km (20 to 25 mi) landward from that of the lower half. Secondly, a well-defined 
strike-oriented sandstone body in the upper half is located 32.25 km (20 mi) 
downdip from the limit of the main sandstone facies. The localized occurrence 
of sandstone in the upper half of the sequence in East Feliciana Parish (Fig. 
3.5) represents deposition associated with the final depositional event. This 
deposit is genetically unrelated to the underlying and downdip strike-oriented 
feature (Fig. 3.3).
Geometry of the '1st Wilcox'
Figure 3.6 is an isopach map of the '1st Wilcox' sandstone interval in the 
study area. The map shows that the interval thickness averages 9.1 to 13.7 m 
(30 to 45 ft). The sandstone interval can be traced over 65 km (40 mi) along 
strike, and up to 23 km (14 mi) updip. A series of cross-sections through the 
feature reveals that this sandstone body has an assymetric profile with the 
steepest face occurring in the basinward direction (Fig. 3.7).
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Figure 3.6 Isopach map of the '1st Wilcox' sandstone in central Louisiana. 



































C/) Figure 3.7 Dlp-oriented profiles through the ’1st Wilcox' sandstone. Note the 
highly assymetric profile with the steepest side occurring on the 
basinward edge of the Interval. (See Flg.3.6 for location of profile).
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In comparison with the morphology of some other 'strike-oriented sand 
bodies', the '1st Wilcox' sandstone body is a relativeiy large feature. The '1st 
Wilcox' is at least twice as wide as the Galveston Island shoreface sequence 
and, while similar in length and width to Ship Shoal, it is more than twice as 
thick.
FACiES OF THE '1ST WILCOX' SANDSTONE
The following is a description of the facies observed in the cores within 
this interval.
Facies 'A'
Facies A is a mudstone characterized by the relative absence of 
bioturbation (<5%) and the occurrence of thin (5 to 10 cm: 1.95 to 3.9 in) very 
fine sandstone beds. The mudstone shows distinct laminations and minor 
occurrences of soft sediment deformation. The silt-sized component averages 
30 to 40%, increasing slightly toward the main sandstone interval. Traces of 
pyrite {<1 to 2%) occur throughout the unit and may be locally concentrated 
along bedding planes. Minor traces of glauconite (<1%) occur throughout the 
interval and are mainly associated with small (0.5 to 1.0 cm; 0.195 to 0.39 in) 
silt-filled ovate burrows. Some burrows contain pelecypod fragments and 
occasionally exhibit faint spreiten.
Most discrete sandstone beds (average grain size 75-120 pm) exhibit 
horizontal planar tabular laminations (Fig. 3.8); however, some contain well-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 3.8 Close-up view of a sandstone interbed within facies A. Note the 
horizontal laminations throughout the bed and the occurrence of 
Planolites burrows near the upper contact.
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defined ripple cross-laminations. These ripple-bedded sandstones appear to 
have resulted from the migration of wave ripples, rather than large scale 
unidirectional current generated bedforms. The lower bounding surfaces of the 
laminasets tend to be irregular. In areas where they have been preserved, the 
basal and upper contacts of these sandstone beds are very sharp with almost 
no evidence of burrowing. The degree of burrowing throughout this entire facies 
is significantly low. The burrows that are distinct occur close to the lower contact 
of the main sandstone facies and are primarily sandstone-filled ovate forms 
(Planolites). There are some rare occurrences of Telchinus and Terebelllna 
burrows. Benthic foraminifera from the mudstone indicate an inner-neritic to 
middle-neritic environment (Table 3.1). Figure 3.9 shows how the number of 
sandstones per meter of cored interval increases upwards toward the contact 
with the overlying sandstone. There is no evidence of amalgamation of these 
beds.
Facies B
Facies B constitutes the main resen/oir sandstone. It is an extensively 
burrowed, very fine-grained sandstone (average grain size 100 to 125 pm). The 
sandstone shows very little variation in grain size from the base to the top of the 
interval; however, the percentage of mud present within the facies decreases 
toward the upper contact. The basal contact with the underlying mudstone 
appears sharp. The upper contact is also almost exclusively sharp.
Ophiomorpha burrows are abundant throughout the lower half of the 
interval and, with the exception of the upper 50 cm (19.5 in), the entire
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Table 3.1. Benthic foraminifera from faoies A.
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Figure 3.9 Frequency of beds greater than 1 cm thick in facies A with depth.
a) A. Thom #1
b) State Lease 7729 #1
c) Crown Zelierbach #1
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sandstone interval is extensively bioturbated. No other distinct burrow types are 
visible within the bioturbated interval.
Physical sedimentary structures within facies B are rare; however, three 
bedding types were observed. First, in the A. Thom #1 core (Fig. 3.10), a thin 
(5cm: 1.95 in), fine to medium-grained sandstone (200-225pm) bed occurs 
within the bioturbated sandstone. The bed contained disarticulated shell debris 
and both the upper and lower contacts were sharp. An x-ray radiograph (Fig. 
3.1 la) shows that while the bed appears to be well burrowed, some shell debris 
is aligned along faint horizontal laminations.
The second physical sedimentary structure which occurs within the main 
sandstone is horizontal planar tabular laminations. There are two separate 
locations in the interval where this bedding type occurs. The most frequent 
location is near the upper contact with the overlying facies. This component of 
facies B is associated with a decrease in the degree of burrowing. In the #1 
Morrison core (Fig. 3.11b), small (1 cm: 0.39 in) sub-angular to sub-rounded 
mudstone clasts appear to be aligned along these bedding planes. Figure 
3.12a is an x-ray radiograph showing the other less frequently preserved 
bedding type within the main sandstone interval. This bedding type occurs 
within the lower portions of the main bioturbated sandstone and is only 
apparent where biogenic activity is low.
The third bedding type was observed within the #1 Sullivan core (Fig. 
3.12b). This photograph shows an example of trough cross-stratification 
occurring within the lower portion of the bioturbated facies. In over 300 m (984 
ft) of cores examined, this was the only occurrence of this bedding type within 
the bioturbated sandstone.
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Figure 3.10 Schematic core description of the A. Thom #1 core. Note the 
missing core intervals. Also note how facies E unconformably 
overlies facies B,
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Figure 3.11 a) X-ray radiograph of a medium sand-sized bed which occurs 
within facies B.
b) Close-up photograph of small mudstone clasts which occur near 
the upper contact of facies 8.




Figure 3.12 a) X-ray radiograph of rare horizontal laminations which occur 
within facies B.
b) Close-up photograph of extremely rare trough cross-stratification 
from facies B.
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Facies C
Immediately overlying the main sandstone is a mudstone which is highly 
variable in appearance. In some cores, distinct horizontal laminations were 
evident in the overlying mudstone (Fig. 3.13a). However, the mudstone was 
extensively burrowed in other cores (Fig. 3.13b).
Characteristic features of this facies include the absence of discrete 
siltsone beds and the fact that its total thickness rarely exceeds 1 m (3.2808 ft). 
This facies is similar to facies A in that benthic foraminifera from the mudstone 
indicate an inner-neritic to middle-neritic environment (Table 3.2).
Facies D
Facies D is a matrix-supported, disorganized, poorly sorted 
conglomerate (Fig. 3.14). Clast size ranges from 10 cm to 0.5 cm (3.9 to 0.195 
in). Clast shape ranges from angular to well-rounded. Grain size of the 
sandstone matrix averages 125-150 pm. Clasts are randomly arranged and do 
not show any degree of imbrication. However, in a few instances where clast 
size is small (< 1 cm (0.39 in) in diameter), they may be aligned along horizontal 
planar tabular bedding planes. These clasts are composed of thinly laminated 
mudstones most of which exhibit the original primary sedimentary structures 
(Fig. 3.14). These structures include small connected and disconnected 
siltstone lenses and streaky laminations. There are no recognizable biogenic 
structures associated with this facies.
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Figure 3.13 a) Close-up photograph of horizontally laminated mudstone of 
facies C.
b) Close-up photograph of facies 0 , this time showing how 
extensively burrowed the facies may appear.
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Table 3.2. Benthic foraminifera from facies C.
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Figure 3.14 Close-up photograph of the O. M. Barnett core. Note facies B and 
D and the appearance of relatively large angular mudstone clasts. 
Note the range in size of mud clasts and the preservation of internal 
bedding within the clasts.
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Facies E
Facies E is characterized by an abundance of wave and current 
generated physical sedimentary structures. These structures include horizontal 
laminations; moderate to high angle (10 to >20°) planar tabular laminations; 
tangential tabular laminasets; and wavy and flaser bedding (Fig. 3.15). Average 
grain size of the facies is 125 to 150 |im with a maximum of 250 pm. Two distinct 
biogenic sedimentary structures were observed within this facies. These 
structures are: a) an oblique, sand-filled burrow, with mud-lined walls (Fig. 
3.16a), and b) a vertical sand-filled burrow containing fecal pellets (Fig. 3.16b). 
The latter burrow can only be observed in an x-ray radiograph where the 
sediment surrounding the burrow nucleus is bent downward.
PREVIOUS INTERPRETATION
The following is a summary of the depositional model for the '1st Wilcox’ 
sandstone within the Lockhart Crossing field presented by Self et al (1986). 
Their model depicted a subaqueous shoal or 'nearshore marine bar' lying 
seaward of a tidal-flat complex and was referred to as a 'bald barrier island'. 
Inferred time-lines within the shoal suggest progradation into progressively 
deeper water. Migration of tidal channels landward of the shoal was believed to 
be responsible for the erosion of the upper portions of the sequence.
A channel which transects the shoal was believed to have formed as a 
result of activation of a regional growth-fault. However, description of the
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Figure 3.15 Close-up photographs of bedding types from Facies E.
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Figure 3.16 X-ray radiograph of burrows from facies E near the contact with 
facies B.
a) Oblique sand-filled burrows with mud-lined walls.
b) Vertical sand-filled burrows. The white specks depict glauconite 
pellets within the burrow-fill. Note how the surrounding laminae 
have been bent downward by the burrowing organism.
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processes which were responsible for the channelization and deposition of the 
channel-fill are extremely vague. They proposed that tidal flow associated with 
the lagoon was 'restricted as a result of extension along the fault'. Constriction 
of the flow led to localized scouring and erosion of the 'bar' facies. The channel 
migrated northward and incised 'lagoonal' and 'bar' facies.
Several observations made in this study suggest an alternate model for 
both the origin of the 'bar' and 'channel' facies to that proposed by Self et al 
(1986). The two fundamental differences between the models concern the 
origin of the overlying mudstone and the origin of the channel facies. These 
differences are outlined below.
SHELF VERSUS LAGOONAL MUDSTONES
Introduction
An important component in the interpretation of Self et al (1986) was that 
the mudstones overlying the main sandstone interval represent deposition in a 
lagoonal environment. This conclusion was based primarily on the presence of 
characteristic benthic foraminifera. In contrast, in the interpretation presented 
here, the mudstones which overly the main sandstone are believed to have 
been deposited as shelf muds and represent the transition between two distinct 
depositional events (Fig. 3.3). The following is an examination of three key 
attributes which were used to conclude that the overlying mudstones originated 
on the shelf rather than lagoonal environment.
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Micropaleontoloaical evidence
Self et al (1986) used the presence of the arenaceous benthic 
ioravnlnliera Ammobaculiiessp., Trochammania sp. and Haplophragmoides sp. 
within the overlying mudstones (Facies A and C) to indicate deposition in a 
lagoon or open bay. However, samples examined for this study revealed that 
while present, these species occurred with several other foraminifera which 
suggest deposition on an inner to middle shelf setting. It is likely that these 
foraminifera were transported from shallow water by the offshore-directed storm 
flows during the transgression of the main shoreface (Facies B). During storms, 
sediment is transported from the shoreface onto the shelf and, therefore, 
organisms within these sediments may be redeposited into deeper water, it 
therefore becomes apparent that the use of micropaleontologlcal evidence in 
the absence of an understanding of the surrounding facies and the processes 
which formed them, may result in a misinterpretation of the depositional 
environment.
Biogenic activitv
The lagoonal or back barrier setting is characterized by a high degree of 
organic productivity (Howard and Frey, 1985). This activity may present itself as 
the ubiquitous occurrence of root casts or localized lignitic horizons throughout 
the mudstone. In humid climates, Zostera and Spartina are two common floral 
components found in backbarrier settings, while mangrove swamps dominate 
the tropical and sub-tropical climates. Each of these flora have the potential to
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There was no evidence of concentrated Intervals of organic debris or root casts 
In any of the overlying mudstones that were examined.
The backbarrier setting may also be characterized by an abundance of 
brackish water macroinvertebrate shells (Relneck and Singh, 1980). However, 
there was no evidence of brackish water lamelilbranchs or other back-barrler 
fauna, either articulated or disarticulated. In any of the cores examined.
The mudstone Immediately overlying the '1st Wilcox' exhibits a variety of 
burrowing activity (Fig.3.13). For the most part, the overlying mudstones have a 
mottled appearance and distinct burrows are rare.
It would be unwise to use the presence or absence of certain Ichnofosslls 
to discriminate between shelf and lagoonal/backbarrler mudstones because It Is 
clear that several forms may occur In both environments. However, the absence 
of a large floral and macrofaunal component suggests a shelf setting Is more 
likely than a lagoonal one.
Vertical Sequence
In stating that the overlying mudstones up to the top of the Wilcox are 
lagoonal. Self et al (1986) Infer that the depositional feature at Lockhart 
Crossing occurs within an overall regressive sequence. The vertical profiles of 
regressive and transgresslve shoreface sequences have been well 
documented (Bernard et al, 1959; 1962; Curray et al, 1969; Kraft, 1971 ; Kraft et 
al, 1973; Relneck and Singh, 1971 ; 1980; Carter, 1978; Elliot, 1978; Roep et al, 
1979; Demarest et al, 1981 ; and Tavener-Smlth, 1982).
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stressed in recent reviews {Heward, 1981; Reinson, 1984; and Miall, 1984) that 
the Galveston Island vertical profile merely represents an end member in a 
continuum of shoreface sequences, the general sequence is still a valid and 
applicable model. In a completely preserved regressive shoreface sequence, 
nearshore sediments overly shelf muds, and backbarrier muds rich in organics 
overly the main shoreface sands (Tavener-Smith, 1982). Near the toe of the 
shoreface, shelf muds overly the sand facies.
The complete regressive sequence is not, however, always preserved 
because of either tidal inlet migration or erosional shoreface retreat (McCubbin, 
1982). There is an important distinction between the stratigraphie sequences 
produced in a regressive system which is undergoing erosion by tidal inlet 
migration versus one subjected to erosional shoreface retreat. In the tidal inlet 
model where back barrier tidal channels erode the shoreface sands, a barrier 
must still exist seaward of the lagoonal facies (Fig. 3.17a). In the erosional 
shoreface retreat model, the upper shoreface, beach and lagoonal facies (if 
present) are eroded and overlain with shelf muds (Fig. 3.17b). Therefore, the 
vertical profile depicts a truncated shoreface sequence overlain by shelf 
mudstones which merge with basinal facies downdip.
In the model presented by Self et al (1986), the authors state that the 
mudstones which occur in the interval (24.4 to 30.5 m; 80 to 100 ft thick) 
between the top of the '1st Wilcox' and the top of the Wilcox Group represent 
lagoonal or open bay sediments. This implies that a barrier of a thickness 
comparable to that of the mudstone interval must occur basinward of the
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Figure 3.17 Depositional models for the transgressed shoreface sequence.
a) Erosion of shoreface by tidal inlets and back-barrier channels. 
(After Reinson, 1984).
b) Erosional shoreface retreat model. (After Swift, 1968).
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Lockhart Crossing field. Examination of a regional cross-section (Fig. 3.3) 
shows that this situation does not occur.
In light of the above conclusions, these three lines of evidence 
(micropaleontologlcal, biogenic and vertical sequences) do not support the 
lagoonal mudstone model. Consequently, the conclusion that the '1st Wilcox' 
occurred within an overall regressive system is unsubstantiated. Conversely, 
these data demonstrate that at least one transgresslve event occurred after 
deposition of the '1st Wilcox' interval. This finding significantly alters the 
interpretation of the sequence.
CHARACTER OF THE CHANNEL FACIES
Self et al (1986) suggest that the channel facies which transects the main 
sandstone interval originated when activation of a regional growth-fault created 
localized scouring within the 'lagoonal' and 'bar' facies. The following 
description of the general morphologic and sedimentologic characteristics of 
the channel-fill facies will help establish the basis for an alternate model.
A dip-oriented well-log cross-section (Fig. 3.18) through the probable 
axis of the channel depicts the relationship between the channel facies and 
fault motion as described by Self et al (1986). The sequence of events were: a) 
formation of the channel after deposition of the main sandstone interval (facies 
B) and the overlying mudstones (facies C and A); and b) deposition of the 
channel-fill following fault motion.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
153
Figure 3.18 Dip-oriented well-log cross-section through the probable axis of 
the channel system which transects Lockhart Crossing field. (See 
Fig. 3.1 for location).
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Maximum depth of the channel Incision Is 21.3 to 24.4 m (70 to 80 ft) 
although the average depth Is 12.2 m (40 ft). The feature extends at least 6.5 km 
(4 ml) updip from Lockhart Crossing field. A strlke-orlented well-log cross- 
section (Fig. 3.1 S) through the Interval reveals that channel width ranges from
0.62 to 0.93 km (1 to 1.5 ml). In most cases, the width to depth ratio of a tidal 
Inlet sequence would be much greater than that described above (Hoyt and 
Henry, 1967). Therefore, from a morphological standpoint, the channel system 
at Lockhart Crossing shows little resemblance to modern preserved tidal Inlet 
systems.
Figure 3.20 depicts facies relationships within the channel. It also shows 
that unidirectional current ripple laminations occur In medium-grained 
sandstones near the base of the channel. UpdIp of the fault, erosion has 
removed almost all of the underlying sandstone. The channel-fill facies Is 
dominated by wavy and flaser-bedded fine sandstones. Downdip from, but 
closest to the fault, the physical sedimentary structures of the channel-fill range 
from current llneatlons with small, well-rounded mud clasts aligned on bedding 
planes near the base to large angular mud clasts that are randomly arranged 
within a sand matrix. Intermittent occurrences of horizontal planar tabular and 
small trough cross-bedding separate the large mud clast Intervals. The size and 
frequency of clasts decrease toward the upper contact and small trough cross 
and flaser bedding predominate.
Less than 300 m (984 ft) downdip from the fault, there are only a few 
occurrences of small mud clasts within the channel and the sequence Is 
dominated by current-generated ripple and wavy bedding. Some localized soft 
sediment slumping Is evident. At this location, however, the channel barely
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Figure 3.19 Strike-oriented well-log cross-section through the probable axis of 
the channel system which transects Lockhart Crossing field. (See 
Fig. 3.1 for location).
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incised the underlying sandstone and, in fact, 8.7 m (28.5 ft) of sandstone 
belonging to facies B underly the channel-fill. Downdip, there is no evidence of 
facies D or E truncating the main sandstone or occurring in the overlying 
mudstones. The character and relationship of this channel to the '1st Wilcox' will 
be discussed in the following section.
PROPOSED DEPOSITIONAL MODEL
Introduction
The following is a proposed depositional model for the '1st Wilcox'. This 
model is based on processes inferred from observations in cores in addition to 
the relationship of the interval to regional Wilcox paleogeography. A 
representative vertical profile through the main interval is described below.
Vertical sequence
Facies A is an interbedded mudstone which is believed to represent an 
inner to middle shelf depositional setting. Mudstones of this interval contain 
inner to middle neritic benthic foraminifera and can be seen to merge with 
basinal mudstone facies downdip. Individual very fine sandstone beds 
represent deposition from seaward directed storm flows. There is, however, a 
paradox in regards to the 'shelf mudstone'. In many other shelf sequences 
which have been described in the literature (Reineck and Singh, 1980; Boyles 
et al, 1981 ; Tillman and Martinsen, 1984; Tye et al, 1986; Kofron, 1987), one of
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burrowing and relative diversity of burrowing organisms. Most cores examined 
within the study area show that burrowing is either absent or negligible. This 
lack of biogenic activity has been noted elsewhere within the Wilcox section 
(Anisgard, 1970) and is believed to be indicative of a relatively oxygen-deficient 
neritic environment. High rates of mud deposition from associated fluvial 
systems may also result in the predominance of physical structures over 
biogenic structures.
The major reservoir facies is an extensively burrowed, fine-grained 
sandstone (facies B) which shows little variation in grain size in the vertical 
profile. The facies exhibits physical and biogenic sedimentary structures most 
commonly found in the lower to middle shoreface environment (Reineck and 
Singh, 1980). A medium-grained sandstone bed within the main fine-grained 
sandstone represents a proximal or shoreface storm layer, and is the landward 
counterpart of the very fine-grained sandstone beds characteristic of facies A. 
The occurrence of trough cross-bedding within the main sandstone probably 
resulted from the migration of nearshore bars (Davidson-Arnott and 
Greenwood, 1976).
There was no evidence of low to high angle discordant planar tabular 
laminations near the upper contact of the main sandstone facies in any of the 
cores examined. The occurrence of this bedding type may be used as evidence 
to support the interpretation that this portion of the sequence represents beach 
facies. The upper contact in every core examined is characterized by the 
preservation of horizontal, planar tabular laminations with a decrease in both 
the degree of burrowing and percentage of mud present. It is likely that the 
subaerial component and the upper portions of the shoreface were removed
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sandstone interval represents the reworking and redepositional phase 
associated with the ensuing transgression.
Facies C which directly overlies the main reservoir sandstone represents 
the deposition of shelf muds during the accompanying relative rise in sea-level. 
This facies is, in turn, overlain by facies A which is the interbedded mudstone. 
Facies A represents the initiation of the next depositional event. This vertical 
profile is essentially the same as one for a prograding shoreface sequence; 
however, only the lower portions of the sequence have been preserved. A 
modern analogue for this system must take the relatively large dimensions of 
the sandstone body into account.
Modern analogue
The beach ridge plain on the coast of Nayarit, Mexico (Curray et al, 1969) 
and the beach ridge complexes in the Tabasco region of Mexico (Psuty, 1966) 
are considered to be appropriate modern analogues for the '1st Wilcox' interval 
(Fig. 3.21), These relatively large sandbodies form a laterally extensive sand- 
sheet and, in the case of the Nayarit complex, are underlain by shelf muds.
A stratigraphie section for the Nayarit beach ridge plain shows that the 
shoreface sequence is close to 10 m (32.8 ft) thick and is up to 15 km (10 mi) 
wide in places (Fig. 3.22). The beach ridge plain has formed adjacent to 
relatively small scale fluvial systems. Individual ridges are relatively low relief 
features (< 1 to 2 m: 3.28 to 6.56 ft) and occur landward of a lagoonal system.
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Figure 3.21 Probable modern analogues for the '1st Wilcox' interval at 
Lockhart Crossing.
a) Coast of Nayarit, Mexico: a regressive strandplain complex (After 
Curray et al, 1969).
b) Tabasco beach ridge complexes, Mexico. (After, Psuty, 1966).
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It is easy to envisage how such a depositional setting could have 
occurred at the Wilcox shelf-margin during deposition of the '1st Wilcox'. During 
a relative lowstand of sea-level, numerous small fluvial systems would have 
occurred on the exposed continental shelf, thereby resulting in a high 
terrigenous influx to the shelf-margin. Where incident wave energy dominated 
over fluvial processes, extensive beach ridge plains would have formed 
adjacent to these small distributaries.
As sediment supply to the system diminishes and/or relative sea-level 
begins to rise, the beach ridge complex is transgressed and the upper portions 
of the beach ridges are truncated by erosional shoreface retreat. Therefore, the 
depositional model of the '1st Wilcox' described above documents the 
preserved stratigraphie sequence of a transgressed beach ridge plain. 
According to Fischer's (1961) model for the preservation of coastal facies, the 
rate of sea-level rise would have been quite rapid.
Channel facies
In contrast to the model of channel formation of Self et al (1986), the 
model proposed in this paper depicts deposition in the form of a 'small-scale 
fan'-like feature. After the transgression of the strand plain shoreface, shelf 
muds were deposited on top of the main shoreface sands. As sea-level 
continued to rise, a localized trough developed in response to movement along 
a regional growth-fault.
There are at least two possible explanations to account for the formation 
of the channel. First, it is possible that density-driven currents developed as
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these currents carried material basinward, the sudden change of slope at the 
base of the scarp would have resulted In the deposition of coarser-grained 
material close to the fault and led to the formation of a small fan-like feature (Fig. 
3.23). Within the channel near the base of the fault scarp, debris flow sediments 
predominate and localized scouring is pronounced. Distal to the fault, the lack 
of large clasts and predominance of current structures suggest a reduction in 
flow strength. Once the channel was initiated, retrogressive slumping would 
have resulted in the migration of the channel updip. Migration, in turn, would 
have continued until an equilibrium profile was achieved. The wavy-bedded 
and flaser-bedded channel facies updip from the fault testify to the presence of 
alternating flow regimes. This model accounts for the rapid pinch-out of the 
'channel facies' downdip in addition to the localized scoured-zone at the base 
of the fault scarp (Fig. 3.19).
The second explanation is comparable to the first in that both models 
result in the formation of a small-scale fan-like deposit at the base of a fault 
scarp. However, the driving mechanism for the development of the channel and 
channel-fill in the second model may have been related to a relative sea-level 
lowstand. This sea-level lowstand would have been associated with the 
subsequent depositional event (see Fig. 3.3). In this model, fluvial channels 
flowing across exposed shelf muds would deposit locally-derived sediment at 
the base of the subaqueous fault scarp, thereby leading to the development of 
the small-scale fan. There appears to be little evidence in the cores, such as an 
oxidized zone, which supports the concept of a sea-level fall which would have 
sub-aerially exposed shelf muds. However, it is likely that such a zone may









Figure 3.23 Schematic diagram depicting deposition of facies D and E within 
Lockhart Crossing field.
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have been obliterated during the subsequent transgression; therefore, this 
explanation must remain a possibility. The potential for the occurrence of these 
channel facies in other regions of the 1st Wilcox sandstone would appear 
greater if they formed in response to a sea-level fall
COMPARISON WITH A GROWTH-FAULTED MARGIN
When the stratigraphie sequence from the stable region of the shelf- 
margin (Lockhart Crossing) is compared to one from the unstable region 
(Fordoche field) (Chapter two), they appear to be quite similar. The main 
sandstone intervals within each depositional event are equal in thickness to 
each other, and exhibit similar physical and biogenic sedimentary structures. 
However, significant differences occur between these two sequences.
The first difference concerns the underlying tempestites. At Fordoche 
field, these beds exhibit a distinctive increase in thickness and frequency 
toward the upper contact with the overlying sandstone (Fig. 3.24). Several of 
these tempestites are amalgamated near the upper contact of the main 
sandstone facies. This pattern is characteristic of the transition zone in a 
prograding shoreface sequence (Aigner, 1985; and Brenchley, 1985). 
Tempestites observed in cores from Lockhart Crossing, however, show an 
upwards increase in frequency (Fig. 3.9), but do not exhibit amalgamation. The 
lack of these amalgamated beds results in the appearance of a relatively sharp 
contact between the sandstone and mudstone interval. In the unstable shelf- 
margin, these storm beds are extensively bioturbated near their upper contacts 
and recognition of internal stratification is quite difficult. However, the underlying
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Figure 3.24 Frequency of occurrence and thickness of tempestites from the 
transition zone facies of the shoreface sequence from the unstable 




storm beds at Lockhart Crossing exhibit relatively little biogenic activity and the 
internal laminae are well preserved.
The second major distinction between these two sequences concerns 
the intensity and diversity of biogenic activity within the shelf mudstones. In the 
unstable region, these mudstones are extensively bioturbated over a 5 m (16.4 
ft) interval. Conversely, the burrowed mudstone interval in the stable region is 
confined to less than 0.5 m (1.64 ft). Additionally, the diversity of distinct burrow 
types is lower in the stable region of the margin. The well-developed carbonate 
lag which represents the 'ravinement surface' at Fordoche is not present at 
Lockhart Crossing.
These differences in the facies sequence between two structurally 
distinct regions of the Wilcox shelf-margin may be a reflection of local variability 
in biogenic activity and depositional rates. It is equally likely, however, that the 
relatively sharp basal contact in the stable region, in contrast to the gradational 
contact in the unstable region, may reflect a significant difference in 
depositional style. Heward (1981) discusses the depositional style of regressive 
shoreface sequences under variable sea-level conditions. In the classic 
'Galveston Island' model, regression occurs during a rising sea-level due to 
excess sediment supply. Heward (1981) proposed that a regression occurring 
during sea-level fall will result in a significantly different stratigraphie sequence. 
The main difference between this regressive model and the Galveston model is 
a relative absence of transition zone facies and subsequent appearance of a 
sharp basal contact. Subaerial erosion of the updip regions of the shoreface 
sands results in the formation of a wedge-shaped sandstone 'package'.
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in eustatic sea-level which occurred during the two separate depositional 
events or increased subsidence within the unstable margin. It is probable that 
increased subsidence associated with growth-faulting in the unstable region 
could create a 'relative sea-level rise'. The resulting shoreface sequences 
would appear similar to the Galveston model.
On the other hand, local subsidence would be less pronounced on the 
stable margin and a eustatic sea-level fall would result in a rapid basinward 
translation of coastal facies. The migration of the shoreface may have been so 
rapid that the potential for amalgamation of storm beds would be limited. Lowry 
(Chapter four) has numerically simulated hypothetical progradational shoreface 
sequences under a variety of sea-level changes.
On the basis of the simulations (Chapter four), it is concluded that the 
facies sequences described at Lockhart Crossing depict a prograding 
shoreface sequence which formed during a falling sea-level. Hence, the 
sequence described at Lockhart Crossing may serve as a valuable model for 
the recognition of similar features in the rock record.
SHELF SHOAL VERSUS TRUNCATED SHOREFACE
In referring to the '1st Wilcox' as a 'shoal'. Self et al (1986) imply that the 
feature formed in response to specific shelf processes and would therefore 
exhibit a characteristic vertical stratigraphie sequence. A number of vertical 
facies profiles which describe the general character of sand bodies occurring 
on the continental shelf have been presented. The similarity of some models to 
a truncated shoreface sequence means that, in practice, distinction of these
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processes responsible for the formation of shelf shoals and the facies 
sequences associated with them, several criteria which may facilitate the 
distinction between truncated shoreface and shelf shoals become apparent.
There are two major mechanisms by which shoals may form on a 
continental shelf; a) submergence of an existing barrier complex, and b) 
transportation of shoreface sediments into deeper water leading to the 
development of a shoal.
Within the submergence category, there are two subdivisions: i) in-place 
drowning (Sanders and Kumar, 1975), and ii) transgressive submergence 
(Penland and Boyd, 1985). Johnson (1919) recognized the potential for barrier 
island submergence (in-place drowning) as a means to generate shoals on the 
continental shelf. Sanders and Kumar (1975) suggested that numerous shoals 
on the Long Island continental shelf formed in this manner. Lowry et al (1985) 
presented evidence to suggest in-place drowning of a low-profile gravel barrier 
system in the Alaskan Beaufort Sea.
Penland and Boyd (1985) have been strong advooators of the 
transgressive submergence model, citing the inner-shelf shoals associated with 
the modern Mississippi delta complex as case examples. In the transgressive 
submergence model, a barrier system associated with a deltaic headland is 
submerged as the fluvial axis switches and sediment supply is cut off. As 
relative sea-level rises, the shelf sandbody moves landward and erosional 
shoreface retreat reworks the shoreface sediments.
In terms of the preserved sandstone body, there is a clear distinction 
between a shoal formed by in-place drowning and one formed by transgressive 
submergence. Sandbodies formed by in-place drowning are overlain and
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Transgressive submergence, however, creates a disconformlty at the base of 
the sand interval as the feature migrates landward over lagoonal or inter-deltaic 
sediments. Preserved sandstone body geometry and internal stratification of 
shoals formed by transgressive submergence reflect extensive reworking and 
bear little resemblance to their original characteristics (Penland and Suter, 
1986). Unless rapid burial occurs, the sandbody may be completely obliterated 
leaving only a thin sand sheet on the continental shelf.
Within the second mechanism (transportation of shoreface sediments 
into deeper water), there are also two subdivisions: i) transportation of sediment 
from the shoreface through erosional shoreface retreat (Swift, 1968; Swift and 
Field, 1981), and ii) transportation of sediment from a deltaic source to produce 
a 'Shelf Plume' (Patterson, 1983; Palmer and Scott, 1984). In the erosional 
shoreface retreat model, a coastal lithosome which is experiencing a landward 
translation of the shoreface provides the primary source of sand to the shelf. 
During storm activity, geostrophic currents result in transportation of sediments 
into deeper water. Huthnance (1982) proposed a model in which a sand body 
could develop on the shelf in response to the seaward directed flows.
Modern examples of features which formed as a result of the erosional 
shoreface retreat mechanism include the sand ridge complexes on the New 
Jersey shelf (Swift and Field, 1981; Rine et al, 1986; and Figueiredo et al, 
1981). Ancient examples of shelf sandbodies which formed by this mechanism 
include the Tocito Lentil (Coniacian) (Kofron, 1987); the Semilla sandstone 
(Turonian) (LaFon,1981); the Shannon sandstone (Tillman and Martinsen, 
1984); and the Duffy Mountain sandstone (Boyles et al, 1981). These features 
may form during a transgression (Tocito Lentil) which results in the formation of
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In at least three of the ancient examples (Tocito Lentil, Duffy Mountain, and 
Shannon), the sandstone body is assymetric with the steepest face occurring on 
the seaward side.
In the second mechanism (shelf plumes) of this category. Palmer and 
Scott (1984) suggest that aiong-shelf currents are directed seaward adjacent to 
distributary mouths. Diversion of the currents transports sediments beyond 
wave base and leads to the formation of a plume-shaped deposit. Patterson 
(1983) and Thompson et al (1986) have recognized shelf plumes in ancient 
sequences and cite the Nile delta complex as a modern analogue. Like the 
shelf sandridge model, large scale sandwaves with crests oriented transverse 
to the crest of the shoal are a common lithofacies of the shelf plume. Bioturbated 
shelf muds overly and underly the sandstone.
It is clear from these facies models that shoals which formed by transport 
of material into deeper water are predominantly characterized by the presence 
of physical sedimentary structures. These structures include large scale 
sandwaves, megaripple and wave ripple laminations. These structures may be 
very easily recognized in core and, therefore, there should be no difficulty in 
differentiating these features from a truncated shoreface.
Submerged barrier islands are characterized by preservation of at least 
some component of the upper shoreface and beach facies. The transgressed- 
submerged shoal model (Penland and Boyd, 1985) may appear to have similar 
sedimentological attributes to the truncated shoreface. Both features are 
overlain by shelf muds and are extensively bioturbated. However, three 
important differences exist. First, the transgressed-submerged shelf shoal has a 
low preservation potential. These shoals ultimately degrade to the point that
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Secondly, if the shoal is preserved, the profile is characteristically assymetric 
toward shore (Penland and Suter, 1986). The truncated shoreface (as shown by 
Fig. 3.7) is assymetrical offshore. Thirdly, this type of shelf shoal is a 
transgressive feature. Unlike the truncated shoreface which overlies shelf muds, 
the transgressed-submerged shoal dlsconformably overlies interdistributary bay 
muds.
CONCLUSIONS
1. A large strike-oriented sandstone body that occurs in a stable region of an 
ancient sheif-margin was formed as a regressive beach ridge plain during 
a falling sea-level.
2. The regressive shoreface which formed under a falling sea-level as 
opposed to the more frequently cited rising sea-level model is 
characterized by a sharp basal contact with the underlying shelf mudstone. 
Also the degree of amalgamation of storm beds is minimal when 
regression occurs during a sea-level fall.
3. Syndepositional normal faulting occurred during the depositional 
sequence in which the regressive shoreface formed. However, the faulting 
did not create detectable thickening of the shoreface sandstones on the 
downthrown block. Some local thickening of mudstones across the fault 
planes was observed.
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4. The truncated progradational shoreface sequence may appear similar to 
some shelf shoals in the subsurface; however, the former may be 
characterized by an offshore assymetric profile; a conformable contact 
which overiies shelf mudstones; and a subtle increase in tempestites within 
the underlying mudstone.
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CHAPTER IV
NUMERICAL SIMULATION OF STRATIGRAPHIC SEQUENCES AND 
SHOREFACE SEQUENCES FROM A CLASTIC SHELF-MARGIN
ABSTRACT
Two computer programs were developed to simulate clastic depositional 
sequences on an ancient passive continental sheif-margin setting at two 
contrasting stratigraphie levels. The first program (STRATSIM) is based on 
Pitman's (1978) model which defines the relationship between eustacy and 
stratigraphie sequences. STRATSIM examines the influence of sea-level 
change and basin subsidence on the generation of depositional sequences 
which occur on the Wilcox (Paleocene-Eocene) sheif-margin of central 
Louisiana. These sequences may be considered age equivalents of third or 
lower (glacial) global sea-level cycles. Using published values for the 
wavelength and amplitude of global sea-level fluctuations (Vail et al, 1977), the 
program defines the shelf profile and calculates the position of the shoreline 
after each time step. Computed sequence boundaries and shoreline shifts 
based on third-order and glacial-type global sea-level fluctuations did not 
correspond with those observed from the Wilcox sheif-margin. Rather, minor 
changes in the rate of eustatic sea-level fall over a relatively short time span 
(5x105 to 1Q6 years) generated a pattern which was more representative of the 
observed offlapping pattern and shoreline shifts.
183
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Program DEPSIM examines depositional sequences at the level of a 
single depositional event. The program was designed to simulate the resultant 
facies sequences of a progradational shoreface under variable conditions of 
sea-level, sediment supply and subsidence. The purpose of these simulations 
is to explain observed differences in transition zone facies between two 
relatively similar shoreface sequences from the Wilcox sheif-margin trend. The 
program is a biased random-walk model which simulates sea-level change, 
sediment switching, deposition of tempestites within the transition zone, and 
regional and localized subsidence. Results of the program show that a 
prograding shoreface which forms under a falling relative sea-level 
experiences a greater basinward translation of transition zone facies than one 
formed under a rising sea-ievel. Consequently, a vertical profile through a 
shoreface which formed during a relative sea-level fall would show a decrease 
in the frequency and thickness of tempestites in comparison to a shoreface 
which formed during a relative sea-level rise. The net result of the decrease in 
occurrence and reduction in thickness of tempestites is the appearance of a 
sharp basal contact between the transition zone and shoreface facies. Further 
refinement of these programs will enable the prediction of regional sequence 
stratigraphy and the facies architecture of component shallow marine 
depositional events.
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INTRODUCTION
The objective of many stratigraphie and sedimentoiogic basin studies is 
the development of depositional models and paleogeographic reconstructions. 
These models often contain inferences regarding changes in sea-level, 
sediment supply, or basin tectonism as a means of explaining the variability of 
sedimentary facies and arrangement of depositional sequences. However, in 
many instances these depositional models are not tested and are, therefore, 
speculations. Numerical simulation of geologic processes provides a means to 
test stratigraphie concepts which are intrinsic to these depositional models. In 
this chapter, two fundamental stratigraphie concepts are evaluated using 
computer simulation techniques.
The first of these concepts concerns the influence of sea-level change on 
the development of depositional sequences which occur on an ancient sheif- 
margin (See Chapter 1). This model implies that global sea-level would 
periodically rise and fail by magnitudes determined by the addition of 
individual cycle amplitudes. Published values are given for the amplitude and 
wavelength of these sea-level cycles (Nummedal, 1983). According to Vail et ai 
(1977) and Haq et al (1987), the Phanerozoic sea-level curve can be viewed 
as a summation of several orders of these discrete sea-level cycles.
Pitman (1978) and Pitman and Golovchenko (1983), however, propose 
that eustatic sea-level does not experience such cyclic fluctuations in the 
absence of glacially-induced changes, but rather shows minor changes in the 
long term rate of sea-level rise or fall. The stratigraphie sequences which 
develop according to this model are a result of the interaction of changes in the
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rate of global sea-level rise or fall and basin subsidence. A computer program 
(STRATSIM) was written to determine whether the depositional sequences 
observed on the Wilcox sheif-margin were a response to global sea-level 
cycles (Vail et al, 1977) or to changes in the rate of Cenozoic eustatic sea-level 
fall (Pitman, 1978).
The second concept concerns the facies architecture of a single 
depositional event from the Wilcox sheif-margin. Observations of two 
progradational shoreface sequences from separate regions of the sheif-margin 
revealed that significant sedimentoiogic differences exist in the transition zone 
facies of each sequence. The transition zone facies of one of these shoreface 
sequences (Fordoche field; Chapter 2) is typical of modern examples of beach 
to shelf profiles (Bernard et al, 1962; Reineck and Singh, 1971; Reineck and 
Singh, 1980; Aigner, 1985; Howard and Reineck, 1972; Howard and Reineck, 
1981).
The transition zone facies of modern beach to shelf profiles exhibit the 
following characteristics; a) an upward increase in thickness and frequency of 
individual storm layers (tempestites); b) amalgamation of tempestites near the 
upper contact with the main shoreface sands; and c) a high degree and 
upward increase in burrowing of transition zone muds. In the second shoreface 
sequence (Lockhart Crossing; Chapter 3), the transition zone facies does not 
exhibit the amalgamation of tempestites or high degree of burrowing that is 
characteristic of the first prograding shoreface.
While the variation in transition zone facies between these two sequences 
may be due to differences in climate (i.e. frequency and magnitude of storms) 
which occurred during their formation, it is also possible that they are due to
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deposition which occurred under different conditions of sea-level change. 
Heward (1981) and Reinson (1984) suggested that a prograding shoreface 
sequence which formed under a falling sea-level would exhibit a sharp basal 
contact between the transition zone and shoreface facies. Therefore, the 
appearance of this shoreface sequence differs from the more commonly 
encountered shoreface which has a gradational basal contact. In order to test 
this model, a computer program (DEPSIM) was developed to examine how the 
facies architecture of a prograding shoreface that formed during a falling sea- 
level would differ from one that formed during a rising sea-level.
The development and further refinement of these computer programs 
(STRATSIM and DEPSIM) can provide valuable insight into complex geologic 
interactions. Both these programs examine basin subsidence, shoreline shifts, 
and sea-level change; however, STRATSIM simulates these processes over 
geologic time (>105 years) whereas DEPSIM simulates them over a much 
shorter time period (100  to 104 years). Therefore, these programs provide the 
basis of a numerical model which will facilitate the prediction of facies 
sequences at both a regional and local scale.
This chapter is arranged in two sections. The first section deals with the 
simulation of depositional sequences on the Wilcox sheif-margin. The second 
section examines the simulation of prograding shoreface sequences. In both 
sections, an outline of the program structure is described followed by the 
presentation of results of the simulation experiments.
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SIMULATION MODEL FOR STRATIGRAPHIC SEQUENCES
Introouction
This section presents the theory and results of a computer program 
written by this author to simulate the formation of depositional sequences on a 
passive continental margin. The fundamental structure of the program is based 
on algorithms presented by Pitman (1978). In his paper, Pitman demonstrated 
how relatively minor variations in two geologic processes, eustatic sea-level 
and basin subsidence, could account for major Tertiary transgressions and 
regressions (Fig. 4.1). In Pitman's model, basin subsidence remained constant 
(2.5 cm 1Q3 years'i at the shelf-edge) throughout the development of individual 
sequences. Eustatic sea level, however, dropped from the late Cretaceous 
highstand and exhibited several changes in the rate of fall (Fig. 4.2). These 
variations in the rate of sea-level fall, according to Pitman, reflect changes in 
the ocean volume and are initiated by changes in the spreading rate of mid- 
oceanic ridges. Although relatively subtle, these variations in the rate of sea- 
level change relative to basin subsidence were sufficient to generate regional 
transgressive and regressive events.
Pitman's model was operative over a relatively long time interval (each 
sequence represented 10^ years). This author has attempted to apply Pitman's 
approach on a much finer scale (i.e. 10^ to 10® years) to account for the 
occurrence of depositional sequences observed on the Wilcox sheif-margin. 
This scale would, in essence, simulate the development of third and fourth- 
order depositional sequences (1Q4 tolO^ years).
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Figure 4.1 Calculated shoreline positions from the Upper Cretaceous through 
Miocene based on Pitman’s data for global sea-level fall. (See 
Fig.4.2). (After Pitman, 1978).
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Figure 4.2 Global sea-level curve, upper Cretaceous through Miocene, based 
on spreading rates of mid-oceanic ridge system. The stippled area 
depicts the approximate time interval of Wilcox deposition. (Modified 
after Pitman, 1978).
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Wilcox depositional sequences
Lowry (Chapter 1) has shown that at least seven major depositional 
sequences occur within the stable sheif-margin region of the Wilcox Group in 
Louisiana (Fig. 4.3). These sequences are bounded by laterally continuous 
thick shale intervals (15 to 25 m thick) which may extend up to 100 km 
landward from the previous maximum basinward position of the shoreline. 
Downdip, these shale intervals merge with basinal mudstones. The shale 
intervals may also be traced over 200 km to the west along depositional strike.
Although the time interval of the individual sequences is unknown, it is 
likely that they range in age from 10^ to 10^ years (Lowry, Chapter 1). 
Therefore, these sequences are similar to third or fourth-order sequences (Vail 
et al, 1977; Miall, 1984) and depositional episodes (Frazier, 1974).
There are three possible explanations to account for the occurrence of 
these sequences within the Wilcox sheif-margin. These explanations are: a) 
autocyclicity of sediment supply occurring concomitantly with relative rising 
sea-level; b) fluctuations in the rate of eustatic sea-level fall; and c) low order 
eustatic sea-level cycles.
There are insufficient data to establish whether or not sediment supply 
was periodically fluctuating (i.e. sediment switching on the order of every 105 to 
106 years) on a basinwide scale throughout the duration of Wilcox deposition. 
Therefore, this explanation must remain as a possibility to account for the 
development of the sequences. Hence, this section will only examine the last 
two explanations as probable causes for the development of the sequences. A
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series of experiments were performed to determine the most likely explanation 
for the development of stratigraphie sequences on the Wilcox sheif-margin. 
These experiments were conducted using a computer program (STRATSIM) to 
model stratigraphie sequences.
STRATSIM: program structure
Program STRATSIM begins by computing an initial continental shelf 
profile through the use of simple trigonometry. Shelf length and slope are 
specified as input (constant length 250 km, constant slope 0.1°). Depths are 
computed at 10 km intervals along the profile.
Sea-level data may be entered in two modes. The first of these modes 
uses Pitman's data (1978) which consists of a linear rate of sea-level fall for 
each time step (see Fig. 4.2). The second mode of sea-level data entry is 
based on global sea-level cycles (Vail et al, 1977). These global cycles have 
specific amplitudes and frequencies (Nummedal, 1983) (Table 4.1). The user 
may choose to incorporate a single sea-level cycle or any combination of up to 
four cycles. The program can be initialized to begin the simulation from any 
point on the sea-level cycle. For example, the simulation can begin from either 
a sea-level highstand or a sea-level lowstand.
After the user specifies the method of sea-level computation, the program 
calculates two fundamental variables for each iteration. These variables are: 1) 
net deposition or erosion at every point along the shelf profile, and 2) the new 
location of the shoreline for each time step. Theses variables are computed 
using equations (1) and (2), respectively.
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CYCLE RANGE IN SEA-LEVEL (M) TIME INTERVAL (YRS.) RATE (CM/YR) EXAMPLE
1st Order 500 2 0 0 0 0 0 0 0 0 -3 0 0 0 0 0 0 0 0 0 .0 0 0 2 5 Early Jurassic to Late Cretaceous
2nd Order (Supercycles) 20 0 1 0 0 0 0 0 0 0 -8 0 0 0 0 0 0 0 0 .0 0 2 -0 .0 0 0 2 5 Throughout the Phanerozoic
3rd Order (Global cycles) 2 0 0 1 0 0 0 0 0 0 -1 0 0 0 0 0 0 0 0 .0 2 -0 .0 0 2 Mesozoic and Cenozoic cycles
Glacial 100 100 0000 0 .02 Nebraskan Glaciation
Glacial 100 2 00 000 0 .05 lllinolslan substages
Glacial 100 2 0 0 0 0 0 .5 -1 AltoNan or Woodfordian-Holocene
Holocene 2 .5 300 0 .8 Dunkirk 0  transgression
Holocene 1.2 4 00 0.3 Uttle Ice Age - present
Recent (last 100 years) 0 .12 100 0 .12 Recent tide gage records
Multi-year cycles 0 .05 5 -1 0 0 .5 -1 Recent tide gage records
Table 4.1 Summary of various types of sea-ievel fluctuations 
and their durations and amplitudes. (Modified after 
Nummedal, 1983).
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Where,
X = Any location on the shelf.
X| = Location of shoreline after time J
X|j = Initial location of the shoreline during time J.
D = Distance from hinge line to shelf-edge.
Rgl = Rate of sea-level change
Rgg = Rate of tectonic subsidence at the shelf-edge.
8 = Uniform sedimentation rate.
T = Time interval.
8| = Slope of continental shelf.
In Pitman's model, the shelf profile exhibits maximum subsidence at the 
shelf-edge, diminishing to zero toward the hingeline. STRATSIM also 
simulates a maximum subsidence at the shelf edge; however, there is an 
additional option to model uniform subsidence along the entire profile.
After each depositional value has been computed along the shelf profile, 
the new shelf profile is defined. As each new profile is computed, the 
underlying strata are subsided at a rate determined by their position on the 
shelf profile. Since the program does not simulate lithology within each 
sequence no attempts were made to account for sediment compaction within 
each sequence.
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In order to calibrate the program STRATSIM, the simulations performed 
by Pitman were replicated using his original data. Figure 4.4 compares the 
sequences presented in Pitman's paper with those calculated by STRATSIM. 
Figure 4.5 shows a correlation of the shoreline locations computed by 
STRATSIM and those presented by Pitman (1978).
Modeling the Tertiary sequence using hiqh-order global sea-level cycles
A series of tests (see Table 4.2) were performed using the global sea- 
level cycle data to examine whether a combination of first and second-order 
sea-level cycles could produce the Tertiary sequence described above.' 
Accurate modeling of the sequence using these data would provide a basis on 
which to compute a value of high order sea-level change for the period of 
Wilcox deposition.
In preliminary runs of the program, a first-order cycle was used to 
approximate the general falling sea-level trend from the end of the Cretaceous 
highstand. Figure 4.6 shows the computed sequence boundaries, shoreline 
shifts and sea-level cun/es for a range of first-order cycles. In figures 4.6a, 4.6b 
and 4.6c, the amplitude was held constant (250 m) and the wavelength of the 
cycle was varied. Figure 4.6a shows the predicted sequence stratigraphy for a 
first-order cycle with a wavelength of 15 x 107 years. In this simulation a period 
of offlap (75 to 45 ma) is followed by a period of gradual onlap (45 to 25) before 
a major onlapping event occurred between 25 and 15 ma. Increasing the 
wavelength of the the cycle (Figs. 4.6b and 4.6c) results in a reduction of the 
magnitude of onlap between 25 and 15 ma. Figures 4.6d and 4.6e show the
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Figure 4.4 Comparison of computed Tertiary sequence boundaries presented 
by Pitman (1978) (d-g) with those computed by STRATSIM (a-c). 
Note the differences in horizontal and vertical scales.
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Figure 4.5 Linear regression of computed shoreline positions from the 
sequences shown in Figure 4.4 (d-g) with those in Figure 4.4 (a-c).
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FIGURE WAVELENGTH 1 AMPLITUDE 1 WAVELENGTH 2 AMPLITUDE2 WAVELENGTH 3 AMPLITUDE 3
(YEARS) (M) (YEARS) (M)(YEARS) (M)
Fig. 6a 150,000,000 250
Rg. 6b 200,000,000 250
Fig. 6c 250,000,000 250
Rg. 6d 250,000,000 275
Rg. Be 250,000,000 200
Rg. 7a 250,000,000 275
Rg. 7b 250,000,000 275
Rg.7c 250,000,000 275
Fig. 7d 250,000,000 275
Fig. 8a 250,000,000 275
Rg. 8b 250,000,000 275
Fig. 8c 250,000,000 275
Rg. 9a 250,000,000 275
Fig. 9b 250,000,000 275
Fig. 9c 250,000,000 275





50,000,000 25 10,000,000 100
50,000,000 25 5,000,000 100
50,000,000 25 1,000,000 100
50,000,000 25 1,000,000 50
50,000,000 25 1,000,000 25
50,000.000 25 1,000,000 10
50,000,000 25 1,000,000 5
Table 4.2 List of simulations performecj by program STRATSIM.
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Figure 4.6 Sequence boundaries, sea-level curves, and shoreline shifts for the 
computed Tertiary sequences using program STRATSIM and 
assuming first-order global sea-level cycles.
a) 150 million years wavelength; 250 m amplitude
b) 200 million years wavelength; 250 m amplitude
c) 250 million years wavelength; 250 m amplitude
d) 250 million years wavelength; 200 m amplitude
e) 250 million years wavelength; 275 m amplitude
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sequence boundaries which were computed using a constant wavelength of 
250 ma and amplitude values of 200 and 275 m respectively. Increasing the 
amplitude of the sea-level cycle in this case results in a reduction in the 
magnitude of the transgression which occurs between 25 and 15 ma. In terms 
of a first-order approximation to the Tertiary sequence boundaries, figure 4.6e 
(which depicts a sea-level cycle a wavelength and amplitude of 250 ma and 
275 m respectively) appears to yield the closest resemblance to the 
generalized stratigraphy.
The above wavelength and amplitude values were used as input for the 
subsequent tests in which an additional lower order (2nd) sea-level cycle was 
added to the first-order curve. Table 4.2 shows the range of wavelength and' 
amplitude values used for the simulation of sequences which formed in 
response to the second-order sea-level cycles. The first two simulations 
represent the maximum and minimum values for the second-order sea-level 
cycles (wavelengths of 100 ma and 10 ma, with an amplitude of 100m). With a 
wavelength of 100 ma (Fig. 4.7a), the computed sequences showed a period of 
initial offlap, followed by a major transgressive period. At the other end of the 
scale (10 ma wavelength), the program predicted a progressively offlapping 
sequence (Fig. 4.7b).
Using an intermediate wavelength value of 50 ma, the program predicted 
a major transgression occurring in the late Eocene followed by another during 
Miocene time (Fig. 4.7c) as did Pitman’s model. However, the magnitude of the 
shoreline migration in response to the transgressions is at least one order of 
magnitude greater than that predicted by Pitman's data (see Fig 4.1). After a 
series of tests which varied the amplitude and the wavelength of the second-
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Figure 4.7 Computed Tertiary sequence boundaries and shoreline shifts using 
a first-order global sea-level cycle with a 250 million years 
wavelength and 275 m amplitude and variable second-order cycles.
a) Second-order cycle: 100 million years wavelength - 100 m 
amplitude
b) Second-order cycle: 10 million years wavelength - 100 m 
amplitude
c) Second-order cycle: 50 million years wavelength - 100 m 
amplitude
d) Second-order cycle: 50 million years wavelength - 25 m 
amplitude
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order cycle, the combined first and second-order global sea-level cycles which 
produced the closest approximation to Pitman's results were determined (Fig. 
4.7d). The resultant sea-level curve is composed of the first-order sea-level 
cycle described above and a second-order sea-level cycle with a wavelength 
of 50 ma and an amplitude of 25 m. Again, these values for the sea-level cycles 
are considerably different from the data presented by Vail et al (1977).
Simulation of Wilcox depositional sequences
Introduction
The two sea-level cycles described above and the sea-level curve 
presented by Pitman were used to determine high order sea-level fall during 
the period of Wilcox deposition. Pitman’s data predicted a constant sea-level 
decline of 0.62 to 0.65 cm 10'3 years. A sea-level fall of 0.533 cm 10^ years 
was predicted by combining the first and second-order sea-level cycles. This 
general rate of sea-level fall was added to the low order glacial cycles in order 
to produce a more realistic sea-level curve.
Two basic experiments were undertaken in order to simulate the 
development of sequences on the Wilcox shelf-margin. The first experiment 
examines the stratigraphie sequences which would result from a cyclical sea- 
level curve. Using the wavelength and amplitude data outlined by Nummedal 
(1983) for third-order and glacial sea-level cycles, it was possible to simulate 
the development of sequences which would form in response to these sea- 
level fluctuations.
The second experiment simulates the development of sequences which 
formed during a falling sea-level exhibiting unequal rates of decline. Since
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there are no data available for changes in eustatic sea-level fall on the scale 
examined here (5x105 to 10® years), a range of hypothetical rates of sea-level 
change are used. These data demonstrate the effect of this type of sea-level 
curve on the development of stratigraphie sequences.
Sequences resulting from third-order and alacial-tvoe global sea-level cycles
a) constant sea-level amplitude and variable wavelength
Figure 4.8 shows the stratigraphie sequences which would result if a 
third-order sea-level cycle was superimposed on the combined first and 
second-order curve defined in the previous section. At the maximum limit of 
sea-level cycle wavelength (10? years), there is an initial seaward 
progradation (offlap) followed by a major onlapping event as the shoreline is 
translated 6x102 km landward (Fig. 4.8a). Two offlapping events separated by 
a major transgression are predicted by STRATSIM when a wavelength of 5 ma 
is used (Fig. 4.8b). The predicted shoreline translation approaches 103 km. 
Reducing the wavelength in this case to 106 years (Fig. 4.8c) generates at least 
six Wilcox sequences within the stable portion of the margin but still results in a 
general onlap. The computed sequence stratigraphy shows little resemblance 
to the Wilcox sequences. Figure 4.8c shows the resultant sequence 
stratigraphy for an intermediate wavelength value of 5x 10® years.
b) constant wavelength and variable amplitude
It is apparent from the simulations described above that a third-order or 
glacial sea-level fluctuation should have a wavelength on the order of 10® 
years in order to account for the occurrence of sequences within the Wilcox
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Figure 4.8 Computed Wilcox sequence boundaries and shoreline shifts using 
a combination of first, second (see Fig. 4.7d), and third-order global 
sea-level cycles.
a) Third-order cycle: 10 million years wavelength -100 m amplitude
b) Third-order cycle: 5 million years wavelength -100 m amplitude
c) Third-order cycle: 1 million year wavelength -100 m amplitude
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
208
Distance from hingeline (km) 































Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
209
shelf-margin. Consequently, another series of experiments were conducted to 
examine the effects of varying the amplitude of the sea-level fluctuation while 
holding the wavelength constant at 10® years.
Figure 4.9a shows the predicted sequence stratigraphy and shoreline 
position for a sea-level cycle with an amplitude of 50 m. The range in shoreline 
migration exceeds 500 km and the overall trend depicts an onlapping 
sequence. Reducing the amplitude to 25 m results in a decrease of shoreline 
migration to approximately 250 km (Fig. 4.9b). Figures 4.9c and 4.9d show that 
the resuiting shoreline translation can be reduced to a magnitude comparable 
to that observed on the Wilcox shelf-margin (30 to 100 km) when sea-level 
cycle amplitudes of 10 and 5 m are used as input to the program, in figure 4.9c 
a 10 m sea-level cycle amplitude results in little or no migration of the 
basinward extent of computed shoreline positions throughout the period of 
Wilcox deposition. A 5m amplitude (Fig. 4.9d) results in a general offlapping 
trend. These two simulations (Figs. 4.9c and 4.9d) represent the closest 
approximation to the Wilcox sequences.
Sequences resulting from variations in the rate of eustatic sea-level fall
It is apparent from the above simulations that the range of values for 
wavelength and amplitude of third and lower order sea-level cycles reported in 
the literature (Vail et al, 1977; Nummedal, 1983) cannot account for the 
occurrence of depositional sequences observed on the Wilcox shelf-margin. 
Consequently, the type of sea-level curve proposed by Pitman was used as 
input to the program in an attempt to determine if its interaction with basin 
subsidence could generate those sequences observed on the Wilcox shelf- 
margin. Pitman has shown how fluctuations in the rate of eustatic sea-level fall
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Figure 4.9 Computed Wilcox sequence boundaries and shoreline shifts using 
a combination of first, second (see Fig. 4.7d) and third order global 
sea-level cycles.
a) Third-order cycle; 1 million year wavelength - 50 m amplitude
b) Third-order cycle: 1 million year wavelength - 25 m amplitude
c) Third-order cycle: 1 million year wavelength -10  m amplitude
d) Third-order cycle: 1 million year wavelength -5 m  amplitude
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could account for the occurrence of stratigraphie sequences on the order of 10? 
years, in the approach adopted here, a hypothetical stair-step failing sea-ievei 
curve (Fig. 4.10) was assumed to have occurred during deposition of the 
Wilcox.
Two basic assumptions regarding this sea-ievei curve were made in order 
to conform with the observed sequence stratigraphy of the Wilcox shelf-margin. 
First, at least seven major sequences must occur throughout the period of 
Wilcox deposition. Secondly, given the rate of first-order eustatic sea-ievei fail 
described above (0.533 to 0.65 cm 103 years’■•), the total sea level fail should 
be between 30 to 50 m throughout the duration of Wilcox deposition.
a) Stair-step sea-ievei fail - lOQ vear intervals
Figure 4.11 shows the results of a series of simulations where the total fail 
in sea-ievei was 50 m over 7x106 years, in these simulations, subsidence 
decreased from a maximum at the sheif-edge to zero at the hingeline. Ail the 
simulations predict the general offlapping pattern and, except where the 
difference in the rate of change in sea-ievei fail is minimal (Fig. 4.1 Id), 
transgressive and regressive events can be simulated without a eustatic sea- 
ievei rise. The range in the magnitude of each transgression is similar to those 
observed in the Wilcox shelf-margin. However, fluctuations in sea-level on the 
order of 106 years only result in the development of three major sequences.
b) Stair-step sea-level fall - 500.000 vear intervals 
It is apparent from the previous section that fluctuations in the rate of sea- 
level fall which occurred on the order of 106 years, could not be used to
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Figure 4.10 Hypothetical falling sea-level curves for the period of Wilcox 
deposition.
SL=sea-level fall in cm per year
a) SL1= 0.001 cm per year (1 cm/ lOOOyears)
SL2= 0.0003 cm per year (0.3 cm/ lOOOyears)
106 year increments
b) SL1 = 0.0005 cm per year (0.5 cm /10OOyears)
SL2= 0.00065 cm per year (0.65 cm /10OOyears)
106 year increments
c) SL1 = 0.0002 cm per year (0.2 cm /10OOyears)
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Figure 4.11 Computed sequence boundaries and shoreline shifts assuming a 
variable rate of sea-level fall using the sea-level curves shown in 
Figure 4.10 a, b, c, and d.
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account for the number of sequences observed in the Wilcox margin. The time 
interval for changes in the rate of sea-level fall was reduced to 500,000 years 
and the experiments were repeated using the input data from the previous 
section. The results of these simulations are the closest approximation to the 
Wilcox sequences. Figure 4.12 shows that a sea-ievei fail that fluctuates 
between 0 and 1 cm per 10^ years would generate regional transgressions 
comparable in magnitude to those observed in the Wilcox.
Discussion
There are two important points regarding the Vail sea-level cycles that 
may have a direct effect on the development of stratigraphie sequences. First,' 
there is little physical basis for suggesting that high order (first, second, and 
possibly third-order) sea-level cycles are periodic. It is evident that glacially- 
induced sea-level fluctuations (fourth-order) may exhibit a periodicity in 
response to astronomical (Milankovitch-type cycle) effects or negative- 
feedback associated with the development of polar landmasses (Ewing and 
Donn, 1958). However, there is little evidence to suggest the occurrence of 
Mesozoic or Cenozoic polar glaciations which are comparable in magnitude to 
those which developed after Miocene time (Pitman and Golovchenko, 1983).
The second point about the Vail et al (1977) concept of global sea-level 
cycles concerns the origin of a mechanism other than glaciations, which could 
create large- scale fluctuations in sea-level over a relatively short time period. 
For example, in some cases, eustatic sea-level is believed to have risen and 
fallen over 100 m in 10® years during periods when no polar glaciations 
occurred. Table 4.3 shows the magnitudes and rates of sea-level change
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Figure 4.12 Computed sequence boundaries and shoreline shifts assuming a 
variable rate of sea-level fall using the sea-level curves in Figure 
4.10 e, f, g, and h.
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Giaclalion 150 1000 250 1000 0.1
Ridge volume 350 0.75 500 1.2 70
Orogeny 70 0.10 150 0.20 70
Sediment 60 0.11 85 0.25 70




Table 4.3 Causes, magnitude and rates of global sea-level 
change. (After Pitman and Goiovchenko, 1983).
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associated with their probable causes. It is evident that the rates of change in 
sea-level in the absence of glaciation are dominated by changes in mid-ocean 
ridge volumes. Pitman and Golovchenko (1983), however, point out that the 
possibility of the occurrence of cyclic fluctuations in sea-level should not be 
precluded simply because one cannot presently account for a mechanism 
which might induce such sea-level changes.
The results of the simulations presented in this chapter show that 
fluctuations in sea-level of the magnitude and character proposed by Vail et al 
(1977) could not account for the origin of stratigraphie sequences on the Wilcox 
shelf-margin. The closest approximation to the Wilcox sequences was obtained 
when a 10® years wavelength and a 5 to 10 m amplitude were used as input' 
for a third-order sea-level fluctuation. As pointed out earlier, these values do 
not correspond with any of the values depicted by the Vail sea-level curves.
In the hypothetical example simulated above, it was clear that minor 
fluctuations in the rate of sea-level fall on the order of 0.5 x 10® years could 
generate sequences similar to those obsen/ed on the Wilcox margin. The 
variability in both local subsidence rates and global sea-level fall seems to be 
a more plausible explanation for the origin of these sequences than does a 
cyclic fluctuation in sea-level of the type described by Vail et al (1977). 
Although any numerical representation of geologic processes involves a 
degree of oversimplification, this program has enabled one to test the Vail 
concept of sea-level fluctuations as a means to explain the origin of 
depositional sequences. It is evident, at least from this study, that even if one 
assumes that cyclic sea-level fluctuations do occur, the range of magnitudes
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and amplitudes as they are currently reported in the literature, can be used to 
predict sequence stratigraphy and shoreline shifts.
BIASED RANDOM-WALK SHOREFACE SIMULATION MODEL
Introduction
The program (STRATSIM) outlined in the preceding section depicts one 
method of numerical simulation of geologic events. STRATSIM generates 
stratigraphie sequences based on the premise that the continental shelf profile 
will attain an equilibrium slope after each time step. Therefore, the program' 
simulates sequences that are based on simple geometric considerations rather 
than actual geologic processes.
A computer program (DEPSIM) which simulates actual geologic 
processes will be presented in this section. The purpose of these simulations is 
to examine the difference between prograding shoreface sequences that form 
during falling sea-levels from those that form during rising sea-levels.
In an examination of preserved sedimentary facies from the Wilcox sheif- 
margin, two prograding shoreface sequences were recognized. Although 
similar in overall character (i.e. facies sequences, grain size, and interval 
thickness), some differences between the two sequences were observed. The 
major difference occurs in the underlying transitional zone facies.
In an idealized prograding shoreface sequence, individual tempestites 
decrease in thickness basinward and exhibit sharp basal contacts and 
burrowed upper contacts (Aigner and Reineck, 1982; Brenchley,1985). As the
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shoreface sequence moves basinward, thinner distal tempestites are 
progressively overlain by thicker proximal components (Fig. 4.13). Therefore, a 
composite vertical profile through the shoreface sequence would show an 
upward gradational Increase In thickness and frequency of tempestites. The 
Increasing frequency of tempestites results In their amalgamation near the 
upper contact of the facies.
In the shoreface sequence which occurs within the unstable portion of the 
margin (Fordoche field), tempestites within the transition zone facies are 
commonly amalgamated near the upper contact with the shoreface sandstones 
(Fig. 4.14a). In addition, the transition zone mudstones exhibit extensive 
burrowing by bottom-dwelling organisms. The shoreface sequence from the' 
stable portion of the margin (Lockhart Crossing) exhibits little or no 
amalgamation of tempestites. Biogenic activity within the mudstone was 
restricted to a relatively narrow interval (Fig. 4.14b).
These differences In the transitional zone facies may reflect temporal 
changes in the frequency of storms which occurred at these two locations. 
Heward (1981) suggested that progradatlonal shoreface sequences which 
form during a falling sea-level may differ from the "classic progradatlonal 
shoreface model". In contrast to the distinctive coarsening upward shoreface 
sequence (Bernard et al, 1959; Bernard et al, 1962; Tavener-Smlth, 1982), he 
suggested that shoreface sequences which form during a falling sea-level will 
have a sharp basal contact. Computer program DEPSIM Is used to determine 
whether such differences do In fact occur.
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Figure 4.13 Conceptual model of shoreface and transition zone facies. (After 
Aigner, 1985).




















Figure 4.14 Comparison of shoreface sequences from two sheif-margin 
sandstone bodies.
a) Sun N. Smith, Jr. #8 core from Fordoche field (unstable shelf- 
margin).
b) Sun Grown Zellerbach #1 from Lockhart Crossing/Livingston field 
(stable shelf-margin).
In the vertical profile from the unstable margin, tempestites 
underlying the main shoreface are thicker, (amalgamated) and 
exhibit a greater degree of bioturbation than those from the stable 
margin sequence.
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Program structure
Program DEPSIM is a biased random-waik model. Biased refers to the 
fact that the probabilities of occurrence of certain geologic processes are not 
truly random, but that some have a higher probability of occurrence than 
others. Inputs to the program are as follows: sea-level change per time interval; 
sediment volume delivered to the shoreface; probability of sediment supply 
switching; probability of storms occurring; and probability of a storm of a certain 
magnitude occurring.
The program is partially based on a principal outlined by Harbaugh and 
Bonham-Carter (1970) in which a continental shelf profile is represented by a' 
series of cells of equal width (0.5km) (Fig. 4.15). Water depth at any point on 
the shelf profile is represented by the thickness of individual cells. Variation in 
the thickness of each cell is determined by the volume of sediment delivered 
and the relative change in sea-level.
The program includes the same option as STRATSIM to determine sea- 
level change for each iteration; however, for the purposes of the experiments 
presented here, constant sea-level change values are provided as input. After 
defining the sea-level curve, the program begins the main iteration which 
represents a one year time interval. The first procedure within the main iteration 
determines whether sediment is delivered to the shoreface from an external 
(fluvial) source. This procedure was included for the purpose of simulating 
autocyclic sedimentation similar to that which has occurred within the modern 
Mississippi delta complex over the last 7x10^ to 9x10^ years. Delta lobe







Figure 4.15 Schematic of block structure used in the DEPSIM program. The 
shelf profile is defined by the midpoint of each block. Varying the 
thickness of each block enables simulation of changes in profile 
geometry.
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switching has occurred on the average of every 10^ years over this time period 
(Frazier, 1974).
Simulation of sediment switching is accomplished by first generating a 
random number between 0 and 1. If the random number is between 0 and 
0.001 (i.e. there is a 0.1% chance of sediment switching), the sediment supply 
delivered to the shoreface is switched on or off depending on the initial 
condition.
The locations of the shoreline, transition zone, and storm wave base are 
determined at every time step. Depths for the upper limit of the transition zone 
from modern examples of beach to shelf profiles range between two and 
twenty meters (Bernard et al, 1959; Curray et al, 1969; Reineck and Singh,' 
1971; Reineck and Singh, 1980; Howard and Reineck, 1981) (Fig. 4.16). 
-Average depth for the landward limit of the transition zone is ten meters 
(Reineck and Singh, 1980). The location of storm wave base is dependent on 
the wave regime. A storm wave with a period of six seconds would result in the 
development of a storm wave base at approximately twenty meters (C.E.R.C, 
1977; Komar, 1973). The location of these zones is dependent upon 
sedimentologic and hydrodynamic characteristics of the shoreface. The depth 
values (10 and 20 m) used in DEPSIM are intended to simulate a sand- 
dominated shoreface in a moderate to high wave-energy regime.
Sediment delivered to the shoreface is distributed between the shoreline 
and the landward limit of the transition zone. In the program presented by 
Harbaugh and Bonham-Carter (1970), a constant proportionality coefficient (k) 
was used to simulate a geometric decrease in the volume of sediment 
delivered to each cell along the entire length of the profile, in reality, however.









































Figure 4.16 Schematic cross-section through a modern beach shelf profile. 




most sediment delivered to the shoreface is deposited between the shoreline 
and landward limit of the transition zone (Komar, 1973, 1976). Consequently, 
by using the general expression for a geometric series it was possible to 
ensure that at least 99% of the sediment delivered to the shoreface was 
deposited between these two cell locations. The geometric decrease in the 
volume of sediment deposited in each cell between the shoreline and 
landward limit of the transition zone is maintained.
As sediment is added to each cell, the depth at each location on the shelf 
profile is adjusted. The program constantly checks to ensure that aggradation 
does not occur above sea-level. If a particular cell (J) has reached sea-level, 
excess sediment is transported into the next cell (J+1) and added to the' 
computed sediment input volume (SEDQj+i ) for that cell (J+1 ). In the situation 
where excess sediment exists after the final shoreface cell has been filled, the 
remaining sediment is distributed throughout the transition zone.
After simulation of sediment deposition within the shoreface, the program 
detemines whether or not a storm will occur during the iteration. The probability 
of a storm occurring has been arbitrarily set at 0.05 or a 5% chance. If a storm 
is not simulated, a uniform layer of mud is deposited along the entire length of 
the profile from the landward limit of the transition zone seaward. If a storm 
does occur, the program generates another random number to determine the 
magnitude of the storm and the resultant sedimentological response of the 
shelf. Given that a storm has occurred, there is a 75% probability that the storm 
will generate a tempestite that is 20 cm thick. There is a 20% chance that a 
storm will generate a 30 cm thick tempestite and a 5% chance that a 40 cm 
thick tempestite will be generated. These values are anomolously large
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compared to those observed on the Wilcox shelf-margin; however, they have 
been used to facilitate recognition of the individual tempestites on the computer 
generated plots.
Having determined the magnitude of a storm, the program then simulates 
the deposition of the tempestite seaward of the transition zone. The conceptual 
model for tempestite deposition is based on that of Aigner, 1985 and Aigner 
and Reineck, 1982. The thickness of the individual tempestites is decreased by 
0.002 cm per cell to simulate the decrease in thickness of the beds seaward.
Following deposition of the tempestite, a uniform layer of mud is 
deposited along the shelf profile seaward of storm wave base. The program 
then adjusts sea-level and subsides the entire shelf profile by a specified' 
subsidence value prior to initiating simulation of the next time interval.
An option which will simulate the effect of syndepositional faulting 
(growth-faults) on the stratigraphie sequence has been included in the 
program. The location of a growth-fault is defined by the distance between two 
cells along the shelf profile. Maximum subsidence within the growth-fauit 
occurs at the cell closest to the shoreline and decreases to zero at the 
basinward extent of the zone. The subsidence rate of the growth-fault is 
provided as program input.




For the purposes of depicting specific relationships between key 
variables in the simulation experiments, a constant random number seed was 
used in all tests. The use of a constant random number seed means that 
differences observed between calculated sequences will be due to changes In 
the rates and magnitude of specific processes as opposed to random 
variability. In addition, the option for sediment switching was not invoked in 
order to avoid the possibility that random variability would obscure' 
fundamental relationships.
The program was used to conduct three basic experiments. These 
experiments are as follows: a) examination of temporal variation in sandbody 
geometry, b) examination of shoreface response to variable rates of sea-level 
change, and c) comparison of transition zone facies which formed under rising 
versus falling sea-levels.
Temporal variation in the sandbodv aeometrv
Figure 4.17 shows the results of a simulation of a prograding shoreface 
which formed during a falling sea-level. In this simulation, eustatic sea-ievel 
was falling at a rate of 0.8 cm y r1 . This rate is at the upper limit of the range of 
values for rates of change in eustatic sea-level (.Nummedal, 1983). It is 
comparable to rates of sea-level change reported to have occurred during the
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Figure 4.17 Simulated progradatlonal shoreface sequence formed during a 
relative sea-level fall.
a) Shoreface after 10 years simulation.
b) Shoreface after 100 years simulation.
c) Shoreface after 750 years simulation.
d) Shoreface after 750 years simulation with subaerial erosion of 
exposed facies.
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Holocene period by Coiquhoun et al (1981). Basin subsidence was set at zero 
and the initial sediment supply to the shoreface was set at 10 m 3yr\
Figure 4.17a shows the position of the shoreline and the resultant facies 
sequences after 10 years have been simulated. The figure shows the 
occurrence of a period of rapid progradation of the shoreface (13 km) and the 
development of a thin transition zone facies. After 100 years (Fig. 4.17b), the 
annual rate of shoreline migration has decreased significantly (the shoreline 
has been translated only 3 km seaward from the previous location). This 
reduction in the rate of shoreline migration reflects progradation into 
progressively deeper water. In this simulation, one can clearly see the 
development of successive tempestites underlying the main sandstone facies.' 
Figure 4.17c shows the complete sequence after 750 years. The shoreline has 
migrated 33 km seaward from the initial position and the shoreface sands have 
been displaced 6 m below their original level. Figure 4.17d shows how the 
sequence would appear after subaerial erosion had removed the exposed 
sequence located landward of the shoreline.
Shoreface response to variable rates of sea-level change
A series of simulations were conducted to examine the effect of variable 
rates of sea-level rise on the development of the shoreface sequence over a 
500 year period. Sediment supply (10 m3 y r i)  was constant and basin 
subsidence did not occur.
Figure 4.18a shows the simulated shoreface sequence for a sea-level 
rise of 0.1 mm y rT  A gradual stratigraphie climb of the shoreface is evident as
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Figure 4.18 Comparison of progradational shoreface sequences which formed 
under variable rates of sea-level rise.
a) shoreface sequence for a sea-level rise of 0.1 mm y r i
b) shoreface sequence for a sea-level rise of 1.2 mm y r i
c) shoreface sequence for a sea-level rise of 5.0 mm yr^
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time increases. An increase in the rate of sea-level change to 1.2 mm yr-i 
creates a significant reduction in the magnitude of shoreface migration (Fig. 
4.18b). The aggradational component of the shoreface sequence which occurs 
landward of the shoreline is clearly demonstrated. Increasing the rate of sea- 
level rise to 5 mm yr-"* results in the further reduction of the progradational 
component and an increase in the aggradational phase (Fig. 4.18c).
These simulations, in effect, replicate the conditions which gave rise to the 
Galveston Island progradational shoreface sequence. By varying the amount of 
sediment delivered to the shoreface, one can calibrate the rates of shoreline 
migration so that they will correspond with the observed rates.
Comparison of transition zone facies which formed under rising versus falling 
sea-levels.
The final series of experiments were conducted to determine how a 
prograding shoreface sequence that formed under a falling sea-level would 
differ from one that formed under a rising sea-level. More specifically, one 
objective of this series of experiments is to identify whether differences exist 
between the transition zone facies of the two shoreface sequences.
Figure 4.19 shows the simulated shoreface sequences that would result 
from progradation during a rising sea-level, falling sea-level, and sea-level 
stilistand. The degree to which the underlying transition zone facies is 
translated seaward is a direct consequence of the rate and direction of sea- 
level change. Figure 4.20 shows the occurrence and magnitude of simulated 
storms.
Figure 4.21a is a close-up view of the transition zone facies and shows 
that during a rising sea-level (1.2 mm y r i ;  sediment input 10 m3 y r i) ,  the
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Figure 4.19 Comparison of progradational shoreface sequences which formed 
during a sea-level rise, sea-level stilistand, and sea-level fall.
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OCCURRENCE AND INTENSITY OF STORMS 
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Figure 4.20 Frequency of occurrence and intensity (0-3; O=lowest intensity) of 
simulated storms depicted in Figure 4.19.
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Figure 4.21 Close-up views of the transition facies of each of the shoreface 
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upward translation of the facies is readily apparent and the basinward 
translation of the transition zone facies is less than 6 km. Figure 4.21b depicts a 
close-up view of the transition zone facies which formed during progradation 
associated with the sea-level stilistand. A minor downward translation of the 
shoreface sands (less than 10 to 20 cm) occurs in response to a relative sea- 
level fall resulting from the influence of a high sediment influx. Figure 4.21c is a 
close-up view of the transition zone facies which formed during a falling sea- 
level over a 500 year period. Sea-level fall was 0.8 cm y r f  and sediment 
supply was 10 m3 y r i.  In this case, the transition zone facies exhibits a greater 
basinward translation than shown in the previous situation. Over the 500 year 
period, the transition zone facies extends along a 15 km wide zone as opposed' 
to 7 km for a simulated sea-level stilistand. This variability in the degree of 
basinward translation of the shoreface has a profound effect on the resultant 
vertical stratigraphie profile at any point which underlies the main shoreface 
interval.
Figure 4.22 is a representation of the synthetic vertical stratigraphie 
profiles which formed under different sea-level change conditions. Figure 
4.22a depicts the amalgamation of tempestites which formed during the 
simulated rise in sea-level (see Fig. 4.21a for location of the profile). In figure 
4.22b, the stratigraphie profile represents a sequence which formed during a 
relative stilistand (see Fig. 4.21b for location of the profile). Twenty tempestites 
occur within a 5 meter interval and there is a general upward increase in the 
average thickness of each tempestite towards the main shoreface sandstone. 
The stratigraphie profile shown in figure 4.22c formed during a falling sea-level 
(see Fig. 4.21c for the location of the profile). A total of 13 tempestites occur
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Note that the number of tempestites, thickness, and potential for 
amalgamation are much greater In the rising sea-level model (a) 




within the 5 meter interval shown on the profile. Most tempestites are separated 
by a mudstone interval of almost equal thickness.
Discussion
The modern examples of regressive shoreface sequences described by 
Bernard et al (1959), Bernard et al (1962), and Reineck and Singh (1971; 1980) 
represent a depositional system which formed during a rising eustatic sea-level. 
With the exception of some hypothetical models (Heward, 1981; Reinson, 1984) 
no facies model currently exists to account for the development of a regressive 
shoreface which formed during a falling sea-level. There exists an obvious 
need for such a model since the rock record must contain at least an equal 
number of such regressive shoreface sequences.
Program DEPSIM has allowed the characterization of facies model for 
the prograding shoreface which would form during a falling sea-level. The 
results of the program suggest that an inherent difference occurs between the 
transition facies of a sequence which forms during a falling relative sea-level as 
opposed to one which forms during a rising relative sea-level. The greater 
basinward translation of the shoreface during a falling sea-level results in an 
apparent reduction in the concentration of tempestites per unit interval in 
comparison to the sequence which formed during a rising sea-level.
This model for shoreface progradation appears to accurately reflect the 
deposition of the '1st Wilcox' sandstone. The '1st Wilcox' is a sandstone body 
which extends 16 to 23 km updip and 65 km along strike. It is assymetric in the 
basinward direction. The sandstone body is characteristic of a typical 
progradational shoreface sequence, with the exception of the transition zone
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facies which is poorly developed. On the basis of the simulations performed, the 
depositional model suggests that initial rapid progradation occurs as sediment 
supply keeps pace with the falling sea-level. Progradation continues to the point 
at which a relative sea-level rise is initiated. Penecontemporaneous erosion of 
the exposed portion of the shoreface sequence results in the creation of a 
wedge-shaped sandbody (i.e. assymetric in the basinward direction) or 
'truncated progradational shoreface sequence'. A rapid sea-level rise would 
preserve the pre-transgressive morphological character of the sandbody. A 
gradual rise would result in extensive erosional shoreface retreat and 
obliteration of the shoreface facies.
In light of the proposed model and the preservation of the assymetric' 
profile, the '1st Wilcox' sandstone appears to have experienced a rapid rise in 
sea-level after the progradational phase ended (Fig. 4.23). Such a condition 
would not be unusual at the shelf-margin since the maximum rate of subsidence 
occurs near shelf-break and gentle slopes (0.1 to 0.2°) can result in rapid rates 
of sea-level change (Pitman and Golovchenko, 1983).
The difference between the two Wilcox shoreface sequences (Lockhart 
Crossing and Fordoche) may be due to the fact that the Fordoche field 
sequence formed during a relative rise in sea-level. This relative rise may have 
resulted when local subsidence in the unstable portion of the margin 
(Fordoche) was much greater than that from the stable margin. Consequently, 
even though eustatic sea-level may have been falling, the increased 
subsidence resulted in a relative rise.
Both programs presented in this chapter enable the evaluation of 
geologic models at two contrasting scales. While any program has inherent
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Sea Level Recession and Abundant Sediment Supply
Erosion and modification
g  Regressive shoreface 
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Figure 4.23 Conceptual model for progradation and preservation of a 
truncated regressive shoreface which formed during a falling sea- 
level.
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limitations when attempting to simulate actual geologic processes, It is believed 
that the first program presented has provided valuable insight into processes 
which affect the facies architecture of shallow marine clastic depositional 
systems. In addition, the second program has enabled the simulation of facies 
sequences associated with a depositional event which may have few, if any, 
modern analogues.
CONCLUSIONS
Results of the first computer program which simulated the development of 
clastic stratigraphie sequences on a passive continental shelf-margin yielded 
the following conclusions:
1) Third and fourth-order sea-level fluctuations similar to those 
described by Vail et al (1977) could not account for the occurrence of 
stratigraphie sequences on the Wilcox shelf-margin.
2) The closest approximation to the Wilcox sequences was simulated 
when a third-order sea-level cycle with a wavelength of 10® years and 
amplitude of 5 to 10 m were used as input. These values do not 
correspond with any published values for sea-level cycles.
3) The use of a hypothetical sea-level curve that exhibited 
fluctuations in the rate of fall over a 5 x 1 0 ^  year period generated a 
series of sequences similar to those observed on the Wilcox margin.
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4) Normal variability in the rate of eustatic sea-level fall appears to be 
a simpler and more plausible explanation for the occurrence of the 
Wilcox sequences as opposed to a cyclic sea-level fluctuation of the 
magnitude described above (see conclusion number 2).
Results from the second computer program written to simulate 
progradation of a shoreface from one of the Wilcox sequences provided some 
general insight into the differences in facies which may occur between rising 
and falling sea-level.
1) During a rising sea-level, the transition zone remains within a' 
relatively narrow region. This situation results in stacking or 
amalgamation of individual tempestites, and a greater opportunity for 
bottom-dwelling organisms to bioturbate the mudstones.
2) During a falling sea-level, extensive basinward translation of 
facies occurs and, therefore, reduces the potential for amalgamation 
of tempestites and extensive biogenic activity.
3) An increase in the rate of sea-level rise results in the reduction of 
the width of the transition zone. A vertical profile through the 
sequence would reveal a relatively thick transition zone facies.
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4) An increase in the rate of sea-level fall would result in an increase 
in the width of the transition zone. A vertical profile through the 
sequence would show a relatively thin transition zone facies.
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C PROGRAM DEPSIM 
C
C A PROGRAM TO SIMULATE THE DEVELOPMENT OF 
PROGRADATIONAL
0  SHOREFACE SEQUENCES AND THE INTERACTION OF EUSTATIC
SEA-LEVEL CHANGE, VARIATION IN SEDIMENT SUPPLY. BASIN 









































DEPT. OF GEOLOGY 
LOUISIANA STATE UNIVERSITY

























LENGTH OF ENTIRE PROFILE 
LOCATION OF SHELF BREAK 
GRADIENT OF SHELF 
GRADIENT OF SLOPE 
LENGTH OF EACH CELL 
DEPTH OF TRANSITION ZONE 
DEPTH OF STORM WAVE BASE 
NUMBER OF BLOCKS/CELLS 










PROB. OF STORM WITH MAGNITUDE M 75,20,5% 
SED SUPPLY TO SHOREF AT TIME J M"3/YR M*‘ -1 
INITIAL SUPPLY OF SED. TO SHORF M**3A'R M**-1 
RATE OF MUD DEPOSITION 5 MM/YR
PROB. OF SED SUPPLY SWITCHING 0.001 
LENGTH OF EACH ITERATION 1 YR
TOTAL SIMULATED TIME YEARS
RATE OF UNIFORM SUB CM/YR
GROWTH FAULTING Y/N 0/1
UPDIP LOCATION OF GF 
DOWNDIP LOCATION OF GF 
SUBSIDENCE AT CELL J CM/YR 
# OF VAIL TYPE SEALEVEL CYCLES 5 
AMPLITUDE OF CYCLE J 100,80,80,70,1 M 
WAVELENGTH OF CYCLE J 250,60,10,4,.00003
IDUM = RANDOM # SEED (2**31 )-1 2147483647
DIMENSION X(101), DEP(101,4001),SAMPLE(4001},FREQ(50),UB(50) 
DIMENSION Z2SAMPLE(4001 ),Z3SAMPLE(4001 ),DD(101 ),SLAMP(5) 
DIMENSION SLWVL(5),SLC(4001 ),SLP(4001 ),NSHOR(4000)





































DEP(KN. 1 )=CONDEP+(FK*G RDSL)*1000.
20 CONTINUE
C INTERACTIVE DATA INPUT
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WRITE(6,781)
781 F0RMAT(1 X,'Enter the range of cells to represent the shelf) 
READ(5,*) XMIN,XMAX
WRITE(6,782)
782 F0RMAT(1 X,'Enter the max. and min. depth values (depth is neg.)') 
READ(5,*) YMAX.YMIN
WRITE(6,287)
287 F0RMAT(1 X,'Enter the total time period of the simulation (yrs,)') 
READ(5,*) NTIME 
C write(6,288)
C 288 F0RMAT(1 X.'Do you want a constant sea-level chanae? Y=1 N=0') 
SLQU=1 
C READ(5,*) SLQU
IF(SLQU.EQ.O) GOTO 883 
WRITE(6.289)
289 F0RMAT(1X,'Enter the constant rate of sea-level change (+=Rising)') 
READ(5,*) SL 
WRITE(6,292)




267 F0RMAT(1 X.'Do you want to simulate growth-faulting? 0=N, 1 =Y') 
READ(5,*) MORESUB
IF(MORESUB.EQ.O) GOTO 266 
WRITE(6,268)
268 FORMAT(1X,'Enter location of fault and subsidence rate')
READ(5,*) ICEL,KCEL.GFSUB






C LINEAR SEA-LEVEL DATA
NITS=1
JN=0
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883 CONTINUE















C CALL EZXY(SLP.SLC,jn,'SEA LEVEL CURVES’)
759 CONTINUE
SLLP=0
C...........START MAIN LOOP FOR EACH INTERVAL OF TIME ....
DO 8888 J=1,NTIME,NIT 
C...........Check to see If sediment supply switches (ON or OFF)
C.PROBD =1 For uniform random numbers (PARMI = MIN: PARM2 = MAX)
C PROBD =2 Normal random numbers (PARMI = MEAN: PARM2 = ST. DEV) 
C
C CALL SAM(PR0BD,1 ,IDUM,PARM1 ,PARM2,ZSAMPLE)
C SAMPLE(J)=ZSAMPLE
IF(SAMPLE(J).GT.0.001) GOTO 110 
G O T0110






C IF(P 0JD.NE.2) GOTO 105 
C WRITE(7,301 ) PARMI ,PARM2
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C 105 WRITE(7.300)(FREQ(M),UB(M),M=1,50)
C........ FIND THE LOCATION (CELL) OF FAIRWEATHER AND STORM WAVE
BASE
C NK1 =CELL WHICH REPRESENTS LOCATION OF TRANSITION
ZONE
C NK2 = ” " " " " STORM WAVE BASE
C NK3 = ................... SHORELINE
110 NN=0
DO 40 K=1 ,KN 
IF(NN.E0.1)G0T0 45 
CALCD=DEP(K,J)-SLLP 






DO 50 K=1 .NCELS 
IF(INN.EQ.1)G0T0 55 
CALD=DEP(K,J)-SLLP 





DO 60 K=1,NCELS 
OALE=DEP(K.J)-SLLP 






C DETERMINE THE VALUE OF PK WHICH WILL BE USED TO 
DISTRIBUTE
C 99% OF THE SEDIMENT BETWEEN SHORELINE AND TRANSITION 
ZONE
C USES THE GENERAL EXPRESSION FOR A GEOMETRIC SERIES 
WHERE:






C DISTRIBUTE SEDIMENT BETWEEN SHORELINE AND TRANSITION
ZONE
C THE ROUTINE WILL NOT PERMIT AGGRADATION ABOVE SEA-LEVEL
















IF(ADDSED.LE.O.O) GOTO 898 
JN=0
DO 746 IJ=NK1+1,NK2 
JN=JN+1
SEDDEP=(ADDSED\7)*((1 -.7)**(JN-1 )) 
DEP(!J,J+1 )=DEP(IJ,J)-SEDDEP 
CALF=DEP(IJ,J+1)-SLLP 








C CHECK TO SEE IF A STORM OCCURRED
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C IF A STORM OCCURED HOW INTENSE WAS IT ?
500 CALL SAM(PR0BD,1,IDUM,PARMI ,PARM2,ZSAMPLE) 
Z3SAMPLE(J)=2SAMPLE 
C WRITE(6.333) J















IF(JI.LT.NK2) GOTO 90 
DEP(JI,J+1 )=DEP(JI,J+1 )-SMUD 
90 CONTINUE
C JN=0
C DO 701 JI=NK2,NCELS 
C JN=JN+1





C... MAKE CORRECTION FOR EUSTATIC SEA-LEVEL CHANGE AND 
UNIFORM SUB
10041 SLCJ=SLC(J+11-SLC(J)




DO 119 Jl=1,NCELS 
DEP(JI,J+1)=DEP(JI.J+1)+SUB 
IF(SLCJ.LT.O.) GOTO 129 
DEP(JI,J+1 )=DEP(JI,J+1 )+SLCJ 
GOTO 119 
129 DEP(JI,J+1 )=DEP(JI,J+1 )-ABS(SLCJ)
119 CONTINUÉ
IF(MORESUB.EQ.O) GOTO 100
C MAKE LOCALISED SUBSIDENCE CALCULATIONS
ASUB=GFSUB
JN=0
DO 159 IJ=ICEL,KCEL 
JN=JN+1








IF(PLRQ.EQ.O) GOTO 122 
DO 895 IK=1,NTIME 
NSH=NSHOR(IK)
NTT=100-NSH 
C WRITE(7,*) NSH.NCELS 
















C DO 200 J=1,100
C WRITE(7,31) X(J).(DEP{J,M),M=1,1000,100)
0  200 CONTINUE
14 FORMAT(/////////////////////,30X,’D E P S I M7/.
+13X,'A program to simulate shoreface progradation under variable', 
+/,17x,’sea-level sediment supply and subsidence conditions.')
19 FORMAT(///,36x,'Written by',//,35x,'Philip Lowry'///
+,34x,'Dept of Geology',/,28x,'Louisiana State University',//)
31 FORMAT(1X,F4.0.10F7.2)
101 FORMATC SED SUPPLY SWITCHED AT ',15.' YEARS SED SUPPLY = ', 
FI 2.2)
300 FORMAT(10X,2F16.6)
301 F0RMAT(1X,’********"*"*******’‘************‘ ******‘ *******‘ '^^'',//,
+' NORMAL DISTRIBUTION MEAN = ',F8.2,' ST. DEV. = ',F8.2,//,
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DO 201=1 ,K
DO 30 J2=1.I,M2 
N2=I-(J2-1)
L2=N2+M2 
































DO 20 1=1 .SIZE 
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INTEGER LINE(24)
DATA LINE/24*1 H /.IAST/1 HV.IBLA/1 H /








8 F0RMAT(4X,1 HI,24(2X,3A1 ))
ELSE
WR!TE(6,9)J*2,((LINE(K),L=1,3),K=1,NOLASS)































































C A PROGRAM TO SIMULATE THE DEVELOPMENT OF SEQUENCE
C BOUNDARIES AND SHORELINE SHIFTS IN RESPONSE TO BASIN
0  SUBSIDENCE AND SEA-LEVEL FLUCTUATIONS. SEA-LEVEL
C FLUCTUATIONS MAY BE EITHER CYCLIC (VAIL)
C OR VARIABLE RATES OF FALL (PITMAN). THE ALGORITHMS USED IN





C DEPT. OF GEOLOGY
C LOUISIANA STATE UNIV.
C BATON ROUGE, LA 70803-4101
C
C D = DISTANCE TO SHELF BREAK
C RSS = RATE OF SUBSIDENCE AT SHELF BREAK
C RSL = RATE OF SEA LEVEL CHANGE (CM/1000 YR)
C XL = DISTANCE OF SHORELINE FROM HINGLINE (CM)
C X = DISTANCE OF ANY POINT ON SHELF FROM HINGELINE (CM)
C XLI = POSITION OF SHORELINE AFTER PREVIOUS CALCULATION
C SL = SLOPE OF SHELF (RADIANS)
C
DIMENSION X(310),Y(300,300),XLI(10000),SED(1000),RSL(100000) 






10 FORMAT(///25X,’ S T R A T S  I M7/, 1 SX.’A program to simulate'
+ ' deposltional sequences',//35x,'by'//29x,'Philip Lowry')
WRITE(6,20)





21 F0RMAT(//,1 OX,' Enter the limits of the plot section')
READ(5,*) XL,XM,YL,YM
WRITE(6,223)
223 FORMAT(//,10X,' Enter the number of sequences to be simulated') 
READ(5,*) NS
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WRITE(6,2615)
2615 FORMAT(//,1 Ox,'Enter the duration of a sequence’)
READ(5*)T
WRITE(6.2003)
2003 FORMAT(1X,'Do you want a plot of the sea-level curve?') 
READ(5,*) QUES 
WRITE(6.881)






455 FORÎ^AT(1X,'Hûw many sea-level cycles should be used?') 
READ(5,*) NSC














8795 F0RMAT(1x,'Use Pitmans sea-level data? (1=Yes/0=No)')
READ(5,*) APD 
IF(APD.EQ.O.) GOTO 1765 
DO 848 IL=1,NS 
WRITE(6,847)IL
847 F0RMAT(1X,'Enter sea-level fall for sequence ',13)
READ(5,*) RSL(IL)
848 CONTINUE
C FOR SEA LEVEL FALL DATA BETWEEN 65-15 MA SEE PITMAN, 1978. 
C CONVERT TO CMTfR
C
GOTO 983
C...........DEFINE THE SEA LEVEL CURVE
1765 JN=0 
PII=PI/2




























Y(K N .1)= (K *S L r-1
Y {K N ,1 )= Y (K N .ir i0 0 0 .
C WRITE(6,*)Y(KN,1)
60 CONTINUE












100 F0RMAT(//9X,’DIST (KM) SUBSID (M) SED (M) TOTAL (M)')
C
C BEGIN LOOP FOR EACH LOCATION ON THE PROFILE 
C
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J=0





C COMPUTE SEDIMENTATION AT LOCATION J 
C



















C COMPUTE NEW SHORELINE POSITION 
C
XLI(K1 )=C5-((EXP(-C4))*(C5-XLI(K1 -1 ))) 
c XLI(K1)=XLI(K1)/100000.
WRITE(7,300) K. XLI(K1)
300 F0RMAT(1 X,.'SHORELINE AFTER '.19,' YEARS = '.El 2.4,' KM')
30 CONTINUE 
C
















DO 2000 JJ=1 ,K1 
DO 1000 l=1,NP3 




















CALL PWRIT(XX,Y2. ’DISTANCE (KM)’,13,1,0,-i)
CALL PWRIT(X4.YY. 'DEPTH (M)',8.1.90,-1)
CALL PWRIT(X3,Y3, 'SEQUENCE BOUNDARIES (85-15 MA)'.30.3.0.-1)
C PLOT THE SHELF PROFILE
C
DO 70 11= 1 ,K1 
NC=0




C IF(IJ.GT.I) GOTO 920
IF(X(IJ).GT.XMAX) GOTO 90 
IF(X(IJ).LT.XMIN) GOTO 90 







IF(NC.EQ.O) GOTO 77 
CALL FRSTPT(X(1),Y1(1))
CALL CURVE(X,Y1.NC)










78 F0RMAT(//,5X/ BAD PLOTTING WINDOW! EXTEND LIMITS’)
GOTO 777
888 CALL FRAME 
STOP 
END
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Gallon Petroleum, State Lease 7729 #2
10,140
K(md)xlQ 











40 60 80 100
20 040100 80 60
Sw (%)




0 20 40 60 80 100 120











0 20 40 60 80 100
100 80 60 40 20 0
Sw (%)




0 15 30 45 60 75 90













0 20 40 60 80 100
T T T T
[ ] sw
100 80 60 40 20
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40 60 80 100
0 0 0
100 80
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CROWN ZELLERBACH #3
298
K ( m d ) x l O  
0 20  40  60 '60 100 120
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K ( m d ) x l O  
0 20  40 60 80 100 120
10,190
Permeability (k) 
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30 20 040100 80 60
Sw (%)
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DEPTH PERMEABILITY POROSITY OIL % WATER %
CROWN ZELLERBACH#1
10170.00 76.00 20.90 12.80 43.60
10171.00 77.00 20.20 15.70 48.20
10172.00 72.00 20.40 13.40 43.30
10173.00 62.00 21.50 11.40 49.10
10174.00 33.00 19.80 10.80 40.60
10175.00 83.00 21.70 21.80 38.20
10176.00 14.00 17.80 11.60 41.90
10177.00 53.00 20.00 16.40 35.50
10178.00 39.00 20.60 13.20 47.10
10179.00 55.00 19.40 10.90 56.50
10180.00 27.00 18.60 8.70 50.50
10181.00 24.00 17.60 9.30 53.30
10182.00 32.00 19.20 12.80 31.20
10183.00 35.00 19.50 7.10 45.10
10184.00 48.00 20.60 11.20 43.00
10185.00 39.00 21.70 10.40 40.00
10186.00 40.00 21.20 10.50 38.40
10187.00 18.00 18.90 7.90 44.60
10188.00 49.00 20.90 9.30 46.00
10189.00 34.00 20.60 6.60 48.30
10190.00 31.00 19.80 9.30 54.80
10191.00 32.00 20.10 10.00 52.90
10192.00 18.00 19.30 4.90 54.10
10193.00 40.00 20.00 8.40 50.40
10194.00 78.00 20.20 9.50 45.20
10195.00 130.00 21.20 12.70 45.10
10196.00 14.00 18.70 0.00 62.30
10197.00 0.27 10.90 0.00 56.00
10198.00 28.00 20.20 0.60 68.30
10199.00 14.00 20.20 O.'.O 66.70
10200.00 55.00 21.40 3.10 52.20
10201.00 9.40 19.40 0.60 66.90
10202.00 14.00 20.50 0.00 62.10
10203.00 11.00 19.70 0.00 61.60
10204.00 12.00 20.50 0.00 62.50
10205.00 13.00 20.30 0.00 53.20
10206.00 12.00 20.60 0.00 53.20
10207.00 11.00 20.60 0.00 59.20
10208.00 13.00 21.30 0.80 53.40
10209.00 11.00 21.10 0.70 59.10
10210.00 2.40 17.50 0.00 57.60
GEORGIA PACIFIC #1
10191.00 115.00 22.30 9.40 43.20
10192.00 100.00 23.20 7.90 48.40
10193.00 50.00 18.80 9.60 42.30
10194.00 79.00 21.60 11.10 48.10
10195.00 66.00 18.80 7.20 44.90
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10196.00 44.00 21.70 10.10 40.50
10197.00 39.00 20.50 3.70 51.90
10198.00 54.00 21.30 0.00 54.60
10199.00 50.00 19.60 0.00 62.70
10200.00 80.00 20.50 0.00 74.60
10201.00 36.00 20.70 0.00 56.10
10202.00 42.00 21.20 0.00 68.70
10203.00 35.00 21.10 0.00 56.30
10204.00 29.00 20.00 0.00 60.50
10205.00 34.00 20.40 2.60 57.60
10206.00 31.00 21.20 0.00 58.20
10207.00 12.00 20.00 0.00 61.70
10208.00 33.00 17.20 0.00 59.50
10209.00 23.00 18.70 0.00 63.40
10210.00 19.00 18.60 0.00 65.20
10211.00 28.00 17.90 0.00 60.00
10212.00 33.00 19.70 0.00 62.60
10213.00 29.00 20.70 0.00 59.30
10214.00 31.00 20.00 0.00 62.80
10215.00 125.00 22.70 0.00 60.20
10216.00 98.00 22.90 0.00 70.60
10217.00 10.00 17.90 0.00 58.60
10218.00 1.29 12.60 0.00 65.10
10219.00 29.00 21.20 0.00 60.30
10220.00 19.00 20.20 0.00 55.60
10221.00 32.00 22.10 0.00 60.50
10222.00 12.00 20.20 0.00 69.20
10223.00 19.00 20.90 0.00 60.60
10224.00 7.65 18.40 0.00 67.00
10225.00 11.00 20.30 0.00 61.70
10226.00 9.97 19.40 0.80 59.50
10227.00 7.03 19.30 0.00 68.90
10228.00 13.00 19.50 0.00 72.50
10229.00 6.05 18.00 0.00 64.60
10230.00 12.00 18.90 0.00 63.50
10231.00 13.00 19.90 0.90 72.10
10232.00 9.41 19.20 0.00 68.60
10233.00 3.00 17.20 0.00 73.70
AMOCO IPCO #1
10173.00 13.00 11.20 0.00 61.00
10174.00 37.00 21.10 28.90 37.70
10175.00 46.00 20.70 15.00 45.00
10176.00 82.00 19.70 14.20 44.20
10177.00 57.00 22.30 13.10 48.90
10178.00 38.00 22.30 11.70 50.50
10179.00 45.00 23.20 13.30 48.90
10180.00 36.00 22.20 12.10 49.30
10181.00 49.00 21.60 13.50 41.90
10182.00 40.00 19.40 14.20 39.60
10183.00 42.00 23.40 12.30 47.90







o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o<Dc3>^cO'*-;OTfc\Joo)0)0>r^o>c\jinma:)csjcocvjo><0’*^Tfioc\jc\jooioo)
cîcvi-r^ocNir^oc)c\io>cDiricoTfcôiri<j)CNlcNj<dcDr^r^*coo)occ>rfnf<d-r^cc)
O o o  o o  o o o o  o o o o o o o o o
N CO O  T f CM f ' . O ) 00 05 o CO CM T— i n N CO T— CO
O O) CM <J) O ) T-' O ) CO i n  o CÔ 05 JN.’ 05 CO tv.' CD CO
i n  T f m  T f T f  in Tj- T f •M- in 'M' ■M" ■M' in •vt
CD
Q .
o o o o o o o o o o o o
O) O *r- hs.
^iri 'r^r^^ioiOTtcvjcocvicoJS 





o o o o o o o o o oOO'. ' .ODWi-^TttDT- 
^  1 -̂ ^  in o  o  CD T1- in in ^  X--
OCOMOOT^COOOCDrTfCDrCO
CviooioCvicDT-’ cviĉ icDcbcNiT-'
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16.00 20.70 17.90 48.20
37.00 21.60 14.80 49.30
36.00 21.80 12.40 48.50
87.00 23.20 12.10 47.70
39.00 22.40 14.30 49.80
77.00 22.90 15.30 48.20
82.00 23.50 13.20 50.10
116.00 24.20 11.60 52.70
13.00 19.90 10.20 54.60
18.00 20.40 8.80 58.80
17.00 20.00 8.00 67.20
12.00 18.60 6.50 70.10
18.00 19.10 5.20 72.30
14.00 17.80 8.40 69.10
13.00 17.20 0.00 82.80
15.00 17.50 0.00 81.90
16.00 18.30 4.90 78.20
13.00 18.00 0.00 82.20
8.50 16.90 0.00 84.00
30.00 20.20 0.00 83.70
15.00 19.50 0.00 83.60
9.20 17.30 0.00 84.20
10.10 18.00 0.00 84.80
12.00 18.30 0.00 83.90
21.00 19.80 0.00 82.20
8.70 17.20 0.00 81.90
6.50 16.60 0.00 81.70




13.00 21.00 0.00 80.30
58.00 21.60 0.00 81.40
60.00 22.20 0.00 81.20
69.00 21.90 0.00 78.90
61.00 20.10 0.00 82.60
34.00 20.40 0.00 78.40
29.00 21.90 0.00 79.10
38.00 19.40 0.00 76.40
52.00 21.50 0.00 77.00
37.00 19.60 0.00 79.50
22.00 21.10 0.00 79.10
49.00 20.80 0.00 77.60
52.00 21.20 0.00 80.00
25.00 21.30 0.00 81.40
20.00 19.30 0.00 75.10
17.00 20.40 0.00 77.90
29.00 21.60 0.00 78.40
30.00 21.20 0.00 80.50
20.00 20.50 0.00 78.30
12.00 20.80 0.00 79.20
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10225.00 22.00 19.90 0.00 79.50
10226.00 23.00 20.60 0.00 77.40
10227.00 21.00 20.40 0.00 76.80
10228.00 20.00 19.70 0.00 76.30
10229.00 22.00 20.50 0.00 76.00
10230.00 11.30 17.40 0.00 81.60
10231.00 17.00 20.60 0.00 82.00
10232.00 13.00 17.70 0.00 78.00
10233.00 15.00 17.20 0.00 86.10
10234.00 21.00 22.30 0.00 78.50
10235.00 84.00 22.00 0.00 79.10
10236.00 4.50 16.30 0.00 82.80
10237.00 12.00 17.50 0.00 81.50
10238.00 4.70 17.80 0.00 84.60
10239.00 8.00 18.30 0.00 82.20
1C 240.00 5.70 17.90 0.00 83.50
10241.00 6.10 18.00 0.00 86.10
10242.00 5.70 18.40 0.00 84.20
10243.00 6.50 18.60 0.00 83.60
10244.00 12.00 18.50 0.00 87.10
10245.00 5.20 17.30 0.00 82.20
10246.00 11.00 16.90 0.00 81.90
10247.00 1.60 15.40 0.00 86.30
BARNETT #2 
10158.00 105.00 21.30 14.90 39.90
10159.00 68.00 19.60 12.50 44.20
10160.00 110.00 20.00 12.80 34.90
10161.00 69.00 23.20 10.80 36.70
10162.00 6.10 12.30 7.90 51.70
10163.00 150.00 20.40 10.50 37.10
10164.00 33.00 17.60 9.30 45.40
10165.00 42.00 19.50 8.40 45.80
10166.00 51.00 18.90 17.80 30.10
10167.00 14.00 14.60 ■ 14.60 43.70
10168.00 13.00 16.40 9.40 52.70
10169.00 305.00 22.90 13.30 37.80
10170.00 230.00 22.00 17.00 37.70
10171.00 78.00 18.80 14.30 28.60
10172.00 220.00 22.80 11.50 35.10
10173.00 500.00 23.90 10.70 35.20
10174.00 700.00 24.30 11.00 41.10
10175.00 595.00 24.00 14.40 33.30
10176.00 15.00 13.70 10.60 52.10
10177.00 17.00 14.00 13.00 44.40
10178.00 0.47 11.40 5.00 63.30
10179.00 21.00 17.20 10.30 38.50
10180.00 390.00 23.00 14.60 35.90
10181.00 0.14 9.60 9.30 61.90
10182.00 110.00 19.20 14.40 41.10
10183.00 0.37 14.50 7.10 35.70
10184.00 75.00 20.80 10.10 49.30
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10185.00 5.40 15.70 6.30 57.70
10186.00 315.00 23.00 16.00 37.00
10187.00 2.40 14.00 16.30 51.20
10188.00 16.00 14.00 9.30 66.70
10189.00 37.00 17.80 13.00 41.60
10190.00 0.37 12.30 5.40 64.90
10191.00 39.00 15.20 7.10 60.60
10192.00 55.00 17.60 8.30 56.50
10193.00 3.20 13.70 9.70 47.30
10194.00 12.00 15.00 8.80 43.90
10195.00 505.00 24.20 12.10 32.70
10196.00 475.00 23.30 15.60 31.20
10197.00 9.10 14.30 12.50 37.50
10198.00 0.38 11.50 8.30 55.00
10199.00 57.00 19.30 12.40 47.60
10200.00 125.00 21.10 16.10 32.30
10201.00 14.00 15.10 7.30 64.40
10202.00 25.00 15.00 8.90 38.00
10203.00 20.00 16.20 11.50 29.50
10204.00 25.00 14.60 6.00 71.80
10205.00 37.00 16.70 8.40 36.90
10206.00 24.00 15.70 7.70 54.70
10207.00 9.70 15.20 8.30 55.00
10208.00 115.00 21.30 11.30 39.10
10209.00 150.00 22.60 13.00 53.80
10210.00 99.00 21.00 9.60 39.00
10211.00 190.00 23.40 12.00 42.30
10212.00 215.00 23.70 16.40 38.50
10213.00 155.00 23.10 9.00 28.50
10214.00 150.00 21.90 8.70 44.60
10215.00 245.00 23.80 9.30 36.30
10216.00 180.00 23.30 13.20 30.90
10217.00 230.00 24.00 13.20 32.20
10218.00 120.00 22.90 11.50 41.60
10219.00 94.00 20.10 9.10 46.60
10220.00 260.00 22.50 9.70 38.00
10221.00 140.00 22.70 13.40 42.30
10222.00 0.03 8.40 0.00 85.40
10223.00 0.05 7.80 2.80 78.70
10224.00 0.55 4.20 2.50 87.70
W. LEONARD #1
10666.00 0.80 17.50 0.00 73.90
10667.00 16.00 17.10 0.00 67.70
10668.00 38.00 18.10 0.00 69.00
10669.00 0.13 14.00 0.00 75.00
10670.00 0.01 4.00 0.00 81.50
10671.00 0.01 4.20 0.00 90.30
10672.00 0.01 5.50 0.00 88.90
10673.00 0.01 5.40 0.00 78.60
10674.00 0.01 3.40 0.00 86.20
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10193.00 72.00 23.10 13.40 41.80
10194.00 97.00 22.40 12.50 41.70
10195.00 99.00 22.30 10.40 41.50
10196.00 99.00 23.40 12.70 44.90
10197.00 71.00 21.80 9.00 43.60
10198.00 50.00 22.20 13.50 41.40
10199.00 0.47 8.80 5.40 67.60
10200.00 28.00 23.60 12.30 42.60
10201.00 69.00 21.20 13.20 44.40
10202.00 82.00 23.70 13.60 43.50
10203.00 44.00 20.90 11.70 48.20
10204.00 19.00 19.80 12.40 46.30
10205.00 17.00 21.80 13.70 40.50
10206.00 16.00 21.20 11.80 43.70
10207.00 31.00 19.10 11.00 47.60
10208.00 69.00 22.00 13.20 47.00
10209.00 82.00 23.10 14.50 42.70
10210.00 13.00 18.20 12.60 43.70
10211.00 19.00 20.40 13.40 50.30
10212.00 17.00 20.40 12.70 45.50
10213.00 16.00 20.90 10.30 50.60
10214.00 15.00 19.20 10.30 49.20
10215.00 12.00 19.50 11.80 54.90
10216.00 10.00 19.00 9.10 57.40
10217.00 14.00 17.80 10.50 47.60
10218.00 18.00 20.10 12.20 50.70
10219.00 8.00 19.60 9.90 49.30
10220.00 14.00 20.10 10.60 52.80
10221.00 14.00 20.10 9.40 54.00
10222.00 34.00 23.30 9.60 54.80
10223.00 77.00 23.80 14.00 38.50
10224.00 10.00 18.90 3.60 59.80
10225.00 16.00 20.50 3.00 59.10
10226.00 11.00 19.90 1.80 63.20
10227.00 23.00 21.10 0.00 66.70
10228.00 138.00 22.10 0.00 66.70
10229.00 9.10 20.50 7.10 57.50
10230.00 14.00 21.60 0.00 64.20
10231.00 7.90 20.40 0.00 62.10
10232.00 10.00 21.20 0.00 70.60
10233.00 13.00 20.40 0.00 65.80
10234.00 6.10 20.90 0.00 66.40
AMOCO IPCO #1
10377.00 9.20 20.10 0.00 84.20
10377.50 6.40 19.10 0.00 78.60
10378.00 2.30 19.70 0.00 81.80
10378.50 4.40 19.10 0.00 72.60
10379.00 8.90 20.70 0.00 82.60
10379.50 28.00 22.80 7.60 75.60
10380.00 7.40 20.30 4.20 84.60
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10380.50 6.50 19.40 2.00 83.80
10381.00 7.90 19.50 1.80 79.30
10381.50 3.60 18.60 1.70 80.30
10382.00 5.20 20.00 1.40 79.40
10382.50 2.20 17.80 1.70 86.80
10383.00 3.60 17.60 0.00 82.00
10383.50 8.60 20.10 1.20 78.00
10384.00 201.00 25.20 9.20 68.70
10384.50 30.00 21.10 7.30 73.30
10385.00 6.10 18.10 3.90 74.30
10385.50 210.00 23.40 8.10 70.80
10388.00 185.00 25.10 8.50 63.00
10386.50 200.00 24.80 9.40 68.10
10387.00 98.00 23.60 7.10 70.30
10387.50 170.00 24.00 8.00 68.20
10388.00 3.90 18.80 1.60 79.80
10388.50 25.00 22.60 10.10 64.00
10389.00 100.00 23.60 7.40 64.00
10389.50 160.00 24.70 9.60 66.30
10390.00 120.00 24.50 9.40 47.90
10390.50 66.00 23.10 12.20 56.70
10391.00 32.00 21.30 7.80 63.40
10391.50 20.00 22.00 9.00 63.80
10392.00 7.70 20.10 2.90 58.50
10392.50 33.00 24.30 7.60 71.10
10393.00 25.00 21.90 6.40 75.00
10393.50 8.20 19.60 1.50 78.50
10394.00 7.00 19.40 1.00 78.40
10394.50 40.00 23.50 0.00 77.60




10160.00 31.00 19.30 12.30 44.40
10161.00 34.00 20.00 13.00 41.60
10162.00 42.00 20.10 11.60 43.30
10163.00 29.00 21.00 12.60 44.10
10164.00 46.00 22.40 10.80 43.30
10165.00 11.00 20.80 12.30 43.10
10166.00 30.00 23.20 10.70 39.70
10167.00 36.00 22.40 10.10 37.80
10168.00 31.00 23.10 12.00 40.00
10169.00 63.00 21.30 11.10 39.30
10170.00 83.00 22.30 10.50 41.10
10171.00 48.00 22.40 12.20 44.30
10172.00 61.00 21.80 10.10 42.90
10173.00 51.00 23.90 11.30 41.50
10174.00 57.00 24.50 11.20 41.00
10175.00 65.00 20.40 11.50 46.90
10176.00
10177.00
0.02 6.80 6.80 58.20
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10178.00 18.00 19.00 8.60 39.70
10179.00 0.98 13.40 8.00 38.90
10180.00 0.01 7.30 9.30 56.00
10181.00 0.02 4.40 0.00 56.20
10182.00 0.02 3.90 0.00 61.50
10183.00 0.01 4.50 0.00 60.00
10184.00 6.20 16.20 7.00 46.00
10185.00 8.70 18.20 9.60 44.20
BARNETT #1
12324.00 205.00 20.20 0.00 60.00
12325.00 68.00 16.70 0.00 45.70
12326.00 34.00 18.50 1.00 69.30
12327.00 62.00 18.90 0.00 73.80
12328.00 3.50 16.00 0.00 63.30
12329.00 20.00 16.50 0.00 57.80
12330.00 30.00 19.00 0.70 64.30
12331.00 33.00 16.20 0.00 58.10
12332.00 1.30 10.60 0.00 52.90
12333.00 3.80 15.80 0.00 68.50
12334.00 37.00 18.70 0.00 75.60
12335.00 6.70 16.50 0.00 56.80
12336.00 23.00 18.80 0.00 60.50
12337.00 81.00 19.80 0.00 56.60
12338.00 9.60 16.90 1.80 62.50
12339.00 34.00 17.70 0.00 60.80
12340.00 37.00 17.50 0.00 42.90
12341.00 5.40 17.40 0.00 62.70
12342.00 13.00 18.10 0.00 71.50
12343.00 40.00 18.90 0.00 73.60
12344.00 2.90 16.40 1.00 77.40
12345.00 6.90 15.80 1.00 67.10
12346.00 3.20 14.60 0.00 53.30
12347.00 332.00 19.40 0.00 77.50
12348.00 3.70 16.70 0.00 65.50
12349.00 1.30 15.90 0.00 63.00
12350.00 6.00 16.30 1.30 55.90
12351.00 12.00 17.70 0.00 72.80
12352.00 8.70 19.70 0.00 75.00
12353.00 1.10 14.00 2.00 66.80
12354.00 4.00 18.90 0.90 73.80
12355.00 0.93 18.00 0.00 62.30
12356.00 7.00 18.30 0.00 68.20
12357.00 0.01 4.00 0.00 60.00
12358.00 0.01 3.80 0.00 66.70
12359.00 0.01 5.80 0.00 65.20
12360.00 0.01 5.90 0.00 70.60
12361.00 0.74 13.10 0.00 69.80
12362.00 0.20 14.50 0.00 66.70
12363.00 0.92 13.60 0.00 74.10
12364.00 0.42 13.30 0.00 69.50
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10225.00 142.00 23.10 0.00 72.00
10226.00 9.97 21.00 0.00 65.10
10227.00 6.13 18.00 0.00 64.60
GALLON SIBLEY
10265.00 117.00 22.40 0.00 69.20
10266.00 66.00 21.30 0.00 70.60
10267.00 45.00 21.00 0.00 71.90
10268.00 146.00 22.20 0.00 70.00
10269.00 168.00 22.30 0.00 70.20
10270.00 126.00 22.40 0.00 71.10
10271.00 129.00 21.10 0.00 72.10
10272.00 53.00 21.00 0.00 70.70
10273.00 72.00 20.90 0.00 73.20
10274.00 70.00 20.80 0.00 72.50
10275.00 78.00 20.90 0.00 72.60
10276.00 75.00 21.00 0.00 72.90
10277.00 35.00 20.00 0.00 72.40
10278.00 66.00 21.10 0.00 73.00
10279.00 48.00 21.30 0.00 70.70
10280.00 55.00 21.20 0.00 71.60
10281.00 57.00 21.20 0.00 72.90
10282.00 63.00 21.60 0.00 73.30
10283.00 45.00 21.10 0.00 73.00
10284.00 43.00 21.30 0.00 72.60
10285.00 37.00 21.00 0.00 72.40
10286.00 41.00 20.00 0.00 73.40
10287.00 28.00 19.60 0.00 71.90
10288.00 30.00 19.90 0.00 72.60
10289.00 25.00 20.70 0.00 71.60
10290.00 27.00 20.90 0.00 72.70
10291.00 24.00 19.20 0.00 73.40
10292.00 22.00 18.30 . 0.00 73.60
10293.00 28.00 19.00 0.00 73.70
10294.00 27.00 19.10 0.00 70.00
10295.00 22.00 17.40 0.00 71.50
10296.00 101.00 21.50 0.00 72.30
10297.00 99.00 22.00 0.00 72.40
10298.00 24.00 18.60 0.00 70.90
10299.00 9.20 17.00 0.00 74.60
10300.00 16.00 16.70 0.00 75.70
10301.00 14.00 15.90 0.00 76.60
10302.00 24.00 19.20 0.00 73.80
10303.00 25.00 19.50 0.00 73.50
10304.00 10.90 16.80 0.00 79.20
10305.00 10.40 16.70 0.00 77.00
REID ERICKSON
10119.00 0.77 14.40 0.00 89.70
10120.00 0.01 14.30 0.00 75.00
10121.00 0.08 11.70 0.00 80.60
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10246.00 58.00 20.10 0.00 78.70
10247.00 80.00 21.20 0.00 80.60
10248.00 68.00 20.00 0.00 78.00
10249.00 79.00 21.30 0.00 84.40
10250.00 58.00 20.80 0.00 79.70
10251.00 47.00 20.20 0.00 81.10
10252.00 33.00 19.60 0.00 76.30
10253.00 36.00 20.90 0.00 75.20
10254.00 37.00 20.30 0.00 76.10
10255.00 45.00 19.90 0.00 68.30
10256.00 36.00 20.00 0.00 70.80
10257.00 57.00 21.10 0.00 74.30
10258.00 121.00 22.40 0.00 74.00
10259.00 124.00 22.30 0.00 72.00
10260.00 23.00 19.60 0.00 70.60
10261.00 31.00 20.50 0.00 72.00
10262.00 44.00 21.90 0.00 65.00
10263.00 23.00 20.30 0.00 70.90
10264.00 30.00 20.40 0.00 75.20
10265.00 24.00 19.70 0.00 62.40
10266.00 20.00 19.50 0.00 72.00
10267.00 14.00 19.20 0.00 56.30
10268.00 22.00 20.10 0.00 78.60
10269.00 19.00 20.00 0.00 70.60
10270.00 24.00 20.00 0.00 69.40
10271.00 12.00 19.80 0.09 67.70
10272.00 19.00 20.30 0.00 66.40
10273.00 16.00 20.00 0.00 67.00
10274.00 13.00 20.30 0.00 67.60
10275.00 9.14 19.40 0.00 64.80
10276.00 11.00 20.00 0.00 67.80
10277.00 11.00 19.90 0.00 66.20
10278.00 16.00 20.60 0.00 68.70
10279.00 3.31 16.20 0.00 61.60
10280.00 
U.S. Howell #1
1.85 15.80 0.00 66.70
10286.00 42.00 20.20 1.30 74.20
10287.00 35.00 20.50 0.00 82.00
10287.00 32.00 19.80 0.00 78.40
10288.00 28.00 20.20 0.00 71.50
10289.00 20.00 21.90 0.00 69.30
10290.00 33.00 21.50 0.00 73.40
10291.00 29.00 21.60 0.00 63.80
10292.00 30.00 21.20 0.00 65.90
10293.00 29.00 21.00 0.00 63,20
10294.00 34.00 21.30 0.00 58.90
10295.00 25.00 21.40 0.00 59.20
10296.00 36.00 20.10 0.00 57.70
10297.00 35.00 20.90 0.00 59.10
10298.00 40.00 21.00 0.00 58.40
10299.00 30.00 20.70 0.00 62.30
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10300.00 17.00 19.60 0.00 60.0010301.00 29.00 21.20 0.00 58.7010302.00 38.00 19.10 0.00 70.6010303.00 21.00 21.70 0.00 64.3010304.00 27.00 21.10 0.00 59.1010305.00 24.00 22.70 0.00 59.6010306.00 92.00 20.90 0.00 57.1010307.00 27.00 20.30 0.00 62.5010308.00 22.00 20.60 0.00 61.20
10309.00 11.00 20.10 0.00 60.7010310.00 18.00 18.00 0.00 65.3010311.00 10.00 20.20 0.00 53.6010312.00 13.00 20.70 0.00 63.0010313.00 16.00 19.30 0.00 61.5010314.00 7.00 21.00 0.00 63.0010315.00 19.00 20.50 0.00 53.40
10316.00 7.00 19.50 0.00 60.6010317.00 11.00 21.00 0.00 61.5010318.00 19.00 24.10 0.00 55.6010319.00 7.40 18.80 0.00 66.9010320.00 3.60 19.30 0.00 62.80
10321.00 3.00 17.60 0.00 62.50
Vida Smith #1
10350.00 8.30 26.60 0.00 84.00
10368.00 16.00 24.90 0.00 69.50
IstWXRASUQM.l. STEWART #1
10177.00 0.01 9.60 0.00 83.10
10178.00 125.00 23.80 15.00 45.00
10179.00 180.00 23.40 14.00 43.00
10180.00 120.00 22.70 12.90 43.1010181.00 110.00 23.00 14.80 44.00
10182.00 28.00 21.20 13.70 45.80
10183.00 60.00 21.40 . 15.50 43.10
10184.00 55.00 19.80 14.60 41.70
10185.00 35.00 21.60 11.90 47.00
10186.00 41.00 21.80 11.90 47.40
10187.00 51.00 20.60 10.80 49.00
10188.00 44.00 20.80 11.50 50.80
10189.00 49.00 21.50 11.20 53.70
10190.00 42.00 21.10 12.30 45.30
10191.00 33.00 20.80 10.50 52.60
10192.00 34.00 21.40 8.90 56.80
10193.00 29.00 22.60 10.50 50.40
10194.00 32.00 20.70 13.50 41.70
10195.00 30.00 20.10 9.80 49.00
10196.00 26.00 20.30 11.60 50.00
10197.00 20.00 20.40 10.80 50.50
10198.00 6.90 18.60 12.10 48.40
10199.00 31.00 19.70 6.40 53.20
10200.00 25.00 20.20 8.30 59.10
10201.00 22.00 19.80 7.70 56.90
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10202.00 13.00 19.00 5.40 59.80
10203.00 12.00 19.50 1.20 65.10
10204.00 81.00 21.40 6.50 55.20
10205.00 65.00 20.80 14.80 51.10
10206.00 0.15 12.10 2.70 59.30
10207.00 24.00 23.50 2.20 60.20
10208.00 0.03 8.10 2.30 72.70
10209.00 0.21 9.80 2.90 50.70
10210.00 4.55 15.20 2.90 64.30
10211.00 5.29 17.40 0.00 69.60
10212.00 4.52 17.00 1.10 59.80
10213.00 5.05 18.20 0.00 64.20
10214.00 7.27 18.80 0.00 69.90
10215.00 4.62 18.30 0.00 63.30
10216.00 5.98 19.00 0.00 71.90
10217.00 8.72 19.70 0.00 61.80
10218.00 6.83 19.30 0.00 69.40
10219.00 8.97 20.10 0.00 76.70
10220.00 2.89 17.50 0.00 65.30
CROWN ZELLERBACH N0.4 WELL
10201.00 0.01 5.60 0.00 81.50
10202.00 0.01 6.60 0.00 93.00
10203.00 36.00 18.30 8.90 56.20
10204.00 68.00 22.30 9.80 58.00
10205.00 67.00 22.80 12.10 53.00
10206.00 59.00 21.50 12.50 51.50
10207.00 47.00 22.30 13,10 49.20
10208.00 75.00 23.80 11.00 57.80
10209.00 40.00 22.20 13.80 48.80
10210.00 125.00 22.30 13.50 40.60
10211.00 60.00 21.30 11.10 53.20
10212.00 64.00 22.50 9.90 51.10
10213.00 73.00 23.00 11.20 49.10
10214.00 52.00 21.20 10.30 55.20
10215.00 60.00 21.80 11.80 47.10
10216.00 60.00 22.90 10.50 52.40
10217.00 42.00 20.80 8.30 58.30
10218.00 17.00 19.90 13.00 45.70
10219.00 49.00 21.10 11.30 49.30
10220.00 140.00 23.70 10.10 44.60
10221.00 195.00 24.10 16.00 43.20
10222.00 205.00 24.70 13.50 42.60
10223.00 170.00 23.80 17.50 47.50
10224.00 24.00 18.70 1.70 55.80
10225.00 27.00 20.90 1.40 61.20
10226.00 26.00 19.90 0.00 64.40
10227.00 25.00 21.70 1.80 61.60
10228.00 11.00 20.40 0.00 68.00
10229.00 21.00 21.20 2.00 60.40
10230.00 36.00 22.40 0.00 62.10
10231.00 24.00 22.30 0.00 61.30
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10232.00 23.00 22.10 0.00 61.00
10233.00 16.00 20.70 0.00 60.90
10234.00 22.00 21.30 0.00 70.70
10235.00 29.00 22.20 0.00 74.80
10236.00 11.00 21.90 0.00 58.80
10237.00 18.00 21.80 0.00 58.80
10238.00 8.35 20.90 0.00 59.30
10239.00 8.49 21.10 0.00 66.30
10240.00 6.07 19.40 0.00 55.90
10241.00 1.92 17.80 0.00 61.00
10242.00 0.20 13.90 0.00 69.60
RAY MORRISON N0.1 WELL
10243.00 24.00 20.70 0.00 65.50
10245.00 97.00 23.50 0.00 63.60
10246.00 54.00 21.70 O.OG 59.20
10247.00 76.00 22.50 0.00 62.50
10248.00 72.00 24.10 0.00 61.90
10249.00 58.00 21.80 0.00 63.30
10250.00 44.00 22.70 0.00 65.40
10251.00 47.00 20.40 0.00 60.30
10252.00 43.00 20.40 0.00 69.20
10253.00 41.00 22.00 0.00 65.80
W. DOYLE JONES ET AAL N0.1
10295.00 0.04 10.50 0.00 73.70
10296.00 15.00 21.60 0.00 86.70
10297.00 36.00 22.30 0.00 91.00
10298.00 156.00 24.60 0.00 81.10
10299.00 76.00 23.90 0.00 80.00
10300.00 111.00 22.10 0.00 88.90
10301.00 51.00 21.10 0.00 89.30
10302.00 12.00 20.50 0.00 91.30
10303.00 23.00 21.40 0.00 84.20
10304.00 31.00 19.80 0.00 81.10
10305.00 29.00 19.30 0.00 92.00
10306.00 26.00 21.10 0.00 91.10
10307.00 40.00 20.80 0.00 86.10
10308.00 66.00 22.00 0.00 90.80
10309.00 72.00 20.80 0.00 86.20
10310.00 14.00 19.70 0.00 92.00
10311.00 13.00 20.70 0.00 85.60
10312.00 18.00 20.20 0.00 88.00
10313.00 17.00 21.10 0.00 85.50
10314.00 24.00 20.80 0.00 89.20
10315.00 36.00 22.50 0.00 79.80
10316.00 20.00 22.90 0.00 81.00
10317.00 21.00 21.30 0.00 89.50
10318.00 29.00 21.80 0.00 93.70
10319.00 15.00 18.70 0.00 83.60
10320.00 9.90 19.80 0.00 73.70
10321.00 10.00 19.30 0.00 74.50
10322.00 7.30 20.70 0.00 75.80
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10323.00 5.30 20.00 0.00 78.50
10324.00 40.00 19.30 0.00 82.50
10325.00 80.00 21.80 0.00 97.20
10326.00 4.50 18.30 0.00 78.60
10327.00 5.60 21.10 0.00 85.40
10328.00 5.10 23.00 0.00 82.60
10329.00 3.20 19.50 0.00 80.40
10330.00 4.30 20.00 0.00 74.40
10331.00 94.00 20.90 0.00 84.40
10332.00 85.00 22.80 0.00 80.70
10333.00 3.20 19.80 0.00 81.20
B.C. HOWELL N0.1 WELL
10364.00 80.00 25.70 8.00 61.10
10368.00 74.00 24.30 15.40 58.90
10370.00 41.00 23.30 17.50 62.10
10372.00 36.00 22.90 16.20 55.50
10374.00 55.00 23.70 12.70 55.30
10376.00 22.00 24.20 9.20 63.30
10377.00 5.40 20.70 3.70 74.40
10378.00 50.00 23.50 3.20 80.80
10385.00 20.00 23.90 0.00 81.10
10386.00 22.00 22.10 0.00 74.70
10387.00 15.00 21.80 0.00 77.30
10388.00 21.00 21.20 0.00 75.20
10389.00 33.00 22.60 0.00 78.60
10390.00 13.00 20.20 0.00 80.00
10391.00 44.00 23.80 0.00 80.00
J.A. THOM N0.3
10203.00 62.00 20.30 18.20 40.20
10204.00 106.00 23.20 16.90 39.50
10205.00 37.00 21.70 14.90 44.00
10206.00 25.00 22.70 11.50 44.80
10207.00 23.00 20.90 11.50 48.20
10208.00 24.00 20.80 11.50 51.30
10209.00 34.00 22.40 12.40 50.30
10210.00 23.00 20.60 12.70 48.10
10211.00 25.00 21.00 12.10 51.00
10212.00 33.00 20.60 12.30 50.00
10213.00 16.00 19.00 7.60 52.20
10214.00 21.00 20.40 7.40 51.50
10215.00 46.00 21.00 13.10 50.60
10216.00 34.00 20.70 11.50 52.50
10217.00 33.00 19.60 9.00 55.20
1.0218.00 29.00 19.40 11.80 57.60
10219.00 36.00 19.50 5.90 53.80
10220.00 36.00 21.00 9.60 53.70
10221.00 30.00 22.00 9.60 51.90
10222.00 43.00 21.70 11.20 48.40
10223.00 100.00 21.00 13.70 48.70
10224.00 26.00 19.30 9.30 55.80
10225.00 19.00 17.90 9.90 54.20
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COMPANY WELL LOCATION TOP
WILCOX
GEO. M. HARRISON USA #1 T 3 N - 2 E - 2 - 4 6 0 8
HUGHES &NEW OIL CO. #1 OFALLON PLANTATION UNIT T 3 N - 4 W - 4 2 - 5 5 7 0
FIRST ENE K. MUNSON #1 T 3S -1 E -3 7 - 8 6 1 0
PENNINGTO K. MUNSON #2 T 3S -1 E -5 8 - 8 6 2 0
EXCHANGE W.T. PRICE #1 T 3S -1 E -6 3 - 8 0 6 0
EXCHANGE E.J.LANONEETAL# T 3 S - 1 W - 1 2 - 8 0 5 0
CLOVELLY J.T. HOWELL ETAL# T 3 S - 1 W - 4 0 - 7 8 5 7
FIRST ENE SL 9254 #1 T 3 S - 1 W - 4 2 - 7 9 3 5
COTTON A.C. MCKEOWN JR #1 T 3 S . 1 W - 5 0 - 8 3 5 0
JEM PETR. J.T. HOWELL #1 T 3 S - 1 W - 8 4 - 8 2 5 0
COTTON ROBERT MCGILL #1 T 3 S - 1 W - 8 6 - 8 2 9 0
CLOVELLY J.T. HOWELL #1 T 3 S - 1 W - 9 3 - 8 1 2 8
CONTINENT DEVILLE #7 T 3 S - 2 E -4 6 - 9 4 7 9
PHILLIPS JONES "AA" #1 T 3 S- 2E -7 6 - 7 9 4 8
MONCRIEF ROSEDOWN PLANT. #1 T 3 S - 2 W - 1 0 - 8 4 4 0
S. LA PRO P.C. WITTER #1 T 3 S - 2 W - 9 6 - 8 4 6 0
SHELL OIL FISHER #1 T 3 S - 4 E -1 0 - 9 2 8 5
WESTLAND H0RECKY#1 T 3S -4 E -1 6 - 9 3 8 0
MARTIN EX DELAHOUSAYE#! T 3 S - 4 E -1 7 - 9 4 5 5
TEXAS PAC TAYLOR #1 T 3 S - 4 E -2 2 - 9 5 4 5
TEXAS PAC NATALBANYLBRCO.# T 3 S - 4 E -2 6 - 7 2 6 0
HUGHES & M. DID0MENCIA#1 T 3 S - 4 E -4 8 ■ - 7 4 0 0
GETTY HARVELL #1 T 3S - 4 E -5 0 - 7 4 4 4
HUNTENEGRYCORP GEORGIA PACIFIC #1 T 3 S - 4 W - 2 2 -91 1 5
W AMONC THISTLETHWAITEETA T 3 S -5 E -1 0 - 9 3 5 0
CHEVRON TURNER LUMBER #1 T 3 S - 5 E -1 4 - 8 3 0 3
SHELL ROBERTSON #1 T 3S - 6 E -1 6 - 6 5 7 2
SHELL OIL MYERS #1 T 3 S - 6 E -1 7 - 9 4 4 5
CROSBY DR GORDON #1 T 3 S - 6 E -2 - 9 1 5 4
SHELL OIL TURNER LUMBER#1 T 3 S - 6 E -2 0 - 9 4 8 0
SHELL OIL TURNER #3 T 3S-6E -21 - 9 5 0 0
BISOURCE DENKMAN ASSOC #1 T 3 S - 6 E -2 2 - 6 5 7 9
SHELL OIL MARTIN LUMBER #1 T 3 S - 6 E -2 5 - 9 6 3 6
SHELL OIL WOODLAWN #1 T 3S -6 E -3 - 9 0 9 5
SHELL OIL MARTIN LUMBER #2 T 3S -6 E -3 6 - 9 7 4 5
GULF OIL TURNER LUMBER #2 T 3S -6 E -5 - 8 9 7 4
ASHLAND R.D. BRIDGES #1 T 3 S -6 E -5 5 - 6 3 6 8
ASHLAND E J.H. MORGAN #1 T 3 S - 6 E -5 5 - 6 4 5 4
LAMAR RIC #1 BILLUPS T 3 S - 6 E -5 6 - 6 5 6 6
MCUNTON J.W. COLE #1 T3 S- 6E -6 - 6 4 7 6
CHEVRON LOWREYHEIR#3 T 3 S - 7 E -1 0 - 9 5 9 4
SHELL OIL JARREL #1 T 3S -7 E -1 3 - 9 6 5 5
SHELL OIL R.L. WOLFE #2 T 3S -7 E -1 3 - 9 7 4 1
PENZOIL LAB0RDE#1 T 3 S - 7 E -2 2 - 9 0 6 5
LOUTEXEN WATSON #1 T3S-7E-31 - 9 5 3 5
SAMEDANO J. SEARCY #1 T3S-7E-4Û - 6 2 3 8
CHEVRON DELANO PLANTATION# T 3S -7 E -7 - 9 4 8 1
MONCRIEF LEE #1 T 3 S - 8 E -3 8 - 8 7 4 5
O&G FUTUR M.E. DAVIDSON EST#1 T 3 S - 8 E -3 8 - 5 8 5 0
LAMAR HUN LACOUR #1 T 3 S - 8 E -4 2 - 8 8 4 5
SOUTHERN LAC0UR#3 T 3S -9 E -3 7 - 8 4 8 6
DORRIS BALLEW INC BOARD OF SUPERVISORS #1 T 4 N - 2 E - 1 8 - 4 3 6 6
DAMSON A.LANGL0IS#1 T 4 S - 1 0 E - 2 - 9 1 0 0
AMOCO G. BEAUD#1 T 4S -1 0 E- 3 - 9 8 2 5
SINCLAIR BEAUD #1 T 4S -1 0 E -3 - 9 6 0 6
AMAREX MAJOR #1 T 4S -1 0 E -4 - 9 7 8 2
OCNCOO SCHEXNAYDER#2 T 4 S - 1 0 E - 5 - 9 6 4 0
AMOCO A.J. MIX #1 T 4S -1 0 E - 5 2 -1 0 0 0 0
AMOCO J.T. BUTLER #1 T 4S -1 0 E - 5 4 - 1 0 0 0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
328
COMPANY WELL LOCATION TOP
WILCOX
EXXCN W.P. MILES #1 T ! N - ! W - 3 2 - 6 2 4 3
SHELL McCOY #1 T 1 N - 3 E - 3 5 - 5 5 7 5
CAMPBELL & ASSOC ELMER J. DESCANT #1 T 1 N - 4 E - 3 ! - 7 3 4 9
RADZEWICZ EXPL & DRILLING #1 JOE FAUST ETAL T 1 N - 4 W - 4 0 - 6 7 2 4
JAMAJO INDUSTRIES WALKER NOLAN #A-1 T 1 N - 5 E -2 6 - 6 8 9 5
JUSTISS MEARSOILCO. OUINN #D-1 T 1 N - 5 E - 4 - 6 2 9 0
JÜSTISS MEARS #E-1 BERTHA OUINN T 1 N - 5 E - 8 - 6 3 9 5
PAN AMERICAN JOFFRION #3 T ! N - 6 E - ! 8 - 6 6 2 0
HUNT OIL B.F. LEMOINE #1 T 1 N - 6 E - 2 6 - 6 8 !  6
J.E.TORNHILL HOLMES #1 T 1 N - 6 E -3 4 - 6 9 4 0
ADCOPROD. MOBIL FEEM #1 T 1N - 8 E - 6 - 6 2 !  !
MÜREXCOPETR. INC LUCY GORE #1 T ! S - ! W - 3 2 - 7 1 4 5
RADZEWICZ EXPL T. PERKINS #1 T 1S - 3 E -7 5 - 5 9 8 9
SABINE CORP. CZ 42 #1 T 1S - 4 E -4 2 - 6 1 0 3
DORRIS BALLEW & D.C. LATIMER #2 CROSBY T 2 N - 1 E - 2 2 - 5 5 5 0
PAN AM. SO. IMPROVEMENT#! T 2 N - 2 E - 2 6 - 6 0 4 5
BATEMAN DRLG. CO. F. BERNARD #1 T 2 N - 3 E -2 6 - 6 1 4 0
EXXOfV W.A. JACKSON ET AL #4-14 T 2 N -3 E - 4 - 4 9 3 4
SHELL OIL SHELL ASHLAND. LA MURRAU #1 T 2 N - 4 E - 8 2 - 5 5 6 4
PLACID OIL #1 SESSIONS 24-9 T 2 N - 4 W - 2 4 - 5 8 6 5
JUSTISS MEARS B. OUINN WC-1 T2 N - 5 E -3 3 - 6 !  ! 6
PAN AM SOUTHERN CORP. C.R. LABORDE #1 T 2 N - 5 E - 3 6 - 6 2 2 6
PAN AM PETR. CORP. SO. IMPROVEMENT T 2 N - 6 E -2 9 - 6 0 6 5
SUN REFUGE PLANTATION# T 2 S -1 E -7 6 - 7 1 5 3
FIRST ENEGRY CORP. S/L 9254 #2 T 2 S - 1 W - 5 4 - 7 8 6 8
HUGHESAN C.J. COLE#! T 2S - 2 E -1 7 - 6 2 5 6
CITIES WALL EST #! T 2 S - 2 E -4 ! - 7 !  ! 0
UNITED PR BOY SCOUTS AMER.#! T2S-2E-41 - 7 0 7 0
AMER. QUA C.H. ANDREWS II #! T2 S - 2 E -4 4 - 7 1 9 5
AMOCO A.M. DANIEL #! T 2 S - 2 W - 4 3 - 8 1 3 8
SOUTHLAND PEARCE-KAVANAUGH FA T 2 S - 3 E - ! - 8 4 8 5
WAGNER BROWN M.LHARVEY #! T 2S -3 E -4 8 - 7 0 5 0
FOREST OI HERMAN A. REED#! T 2S - 3E -5 - 8 4 8 6
COCKERALL #! RANDOLPH PIPES E T 2 S - 3 E -8 ! - 6 9 4 8
M.H. MARR FAGENMCLEOD#! T 2S - 3 E -8 3 - 6 3 9 5
W.A. MONCRIEF E.L BUTLER ETAL#! T 2 S - 3 W - 6 8 - 8 3 2 5
WAMONC WRIGHT #! T2S-4E-1 - 8 3 9 5
FLORIDA E LEO MORROW#! T 2S - 4 E -2 3 - 8 8 8 9
SABINE PR M.M. GOUDEAU #! T 2S - 4 E -2 6 - 9 0 3 0
MIDAMERI KREUTZ #! T 2 S - 4 E -7 8 - 6 2 8 9
TEXAS PACIFIC COAL SOIL CO. W.E. DAY #! T 2 S- 4E -8 3 - 6 3 9 0
BARNWELL DRLG. BARNWELL FELICIANA#! T 2 S - 4 W - 4 6 - 7 7 9 0
WAMONC FLOYD A. BORDELON# T 2 S - 5 E -1 0 - 8 4 8 5
STONE PET J.G. COLE HEIRS #2 T2 S - 5 E -2 5 - 6 2 9 0
HUGHES& ETNA STAFFORD#! T2 S - 5 E -2 7 - 6 3 7 7
HUGHES& BILLUPS #! T2S-5E-51 - 6 3 3 7
HUGHES& REBECCA CARTER#! T 2 S - 5 E -5 ! - 6 2 8 6
MAGNOLIA PETROL SMITH-COLE #! T 2S - 5 E -6 4 - 6 2 5 0
WAMONC M.J. DUCOTE #! T 2S -5 E -8 - 8 5 0 5
GULF OIL R.O. MARTIN "A" #1 T 2S -5 E -9 - 8 5 7 9
SUPERIOR D.J. HYMAN & ARBOR #! T 2 S - 5 W - Ü - 7 9 6 0
MUREXCO PETROL J.B. GRIGGS ETAL#! T2 S - 6 E -1 6 6 1 8 7
GULF OIL R.O. MARTIN JR C #! T 2 S - 6 E -1 8 - 8 5 7 7
WAMONC W.A. MONCRIEF#! T 2S - 6 E -2 0 - 8 6 5 5
GULF OIL TURNER LBR. #3 T 2 S- 6E -3 3 • 8 8 0 5
GULF OIL D.W. RICE #! T 2 S - 7 E -5 7 - 8 7 0 0
ARCOO&G J.H. GEWALT ETAL#! T2S-8E-21 - 5 5 8 0
ROYHUFFINGTON LG. LEVEE LAMBERT ET AL#! T 2S -8 E -4 - 7 8 3 6
DORRIS BALLEW INC. #1 CROSBY T 3 N - 1 E - 3 0 - 5 0 7 4
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WAGNER & J.E. JÜMONVILLE #1 T 4 S - ! ! E - ! 8 - 9 7 9 0
HUNTENER W.A. LANGOIS#1 T 4 S - Ü E - 3 4 - 9 ! 8 0
TATHAMOl CAJUN ELECTRIC #1 T 4 S - Ü E - 3 7 - 9 3 2 0
PENNINGTON P. SOBERS #1 T 4 S - ! E - ! 0 - 9 0 ! 6
CNGPROD. IRMA FAULKERSON #1 T 4 S -1 E -1 6 - 9 0 3 0
CNGPROD. C.P. SPEEG#1 T 4 S - ! E - 4 ! - 8 9 5 0
AMOCO W. LEONARD CO. #1 T 4 S - ! W - 3 ! - 9 6 0 0
AMOCO T.A. CORONA #1 T 4 S - ! W - 3 3 - 9 6 !  0
LA LAND E.D. BICKHAM #1 T 4 S - ! W - 4 ! - 8 7 3 !
SHELL H.M. BRIAN #1 T 4 S - ! W - 5 2 - 9 ! 8 0
TEXAS CO M.Q. APPLEBY ETAL T 4 S - ! W - 5 7 - 9 0 5 0
WESTLAND H.O. RAVENCRAFT#1 T 4 S - ! W - 6 2 - 9 3 8 0
SHELL M.M. HUGHES #1 T 4 S - ! W - 7 9 - 9 6 0 0
CORONADO VIDRENE MINERALS#! T 4 S - 2 E - ! 4 - 9 9 9
IMC EXPL M.C. ERWIN #1 T 4 S - 2 E - ! 8 - 8 8 3 3
AMBASSADO FONTENOT#! T 4 S - 2 E -2 5 - !  ! 10 0
MOSBACHER M.LHARVEY#! T 4S - 2 E -3 3 - 8 9 5 0
BUTTESGA ORTEGO#! T 4 S - 2 E -5 8 - 1 0 3 9 6
AMOCO GEORGIA PACIFIC #2 T 4 S - 2 W - 3 7 - 9 6 5 0
FRANKFORT T.D. BICKHAM #! T 4 S - 2 W - 3 7 - 9 6 3 0
LA LAND & C.Z. "A" #! T 4 S - 2 W - 4 8 - 9 3 9 4
AMOCO J.E. SMITH #! T 4 S - 2 W - 6 ! - 9 6 0 0
AMOCO E.R. COLLIER#! T 4 S - 2 W - 6 3 - 9 5 3 0
AMOCO GEORGIA PACFIC#! T 4 S - 2 W - 6 4 - 9 5 8 0
œSATSOU HAAS#! T 4 S - 3 E -2 - 1 0 1 7 5
N. CENTRA VIDRENE #! T 4 S - 3 E -5 9 - 1 0 7 9 0
EXXON FONTENOT#! T 4 S - 3 E -6 0 - !  ! ! 10
DIXIE PARKER #! T 4 S - 3 E -7 3 - Ü 4 1 0
DAMSON OI DUPRE #! T 4 S - 3 E -8 2 - !  1 3 2 0
INEXCOa THISTLEWAITE #1 T 4 S - 4 E - 1 7 - 1 0 5 7 0
PRUET M.R. WEST #! T 4 S - 4 E -3 8 - 7 8 7 3
MARTIN EX ECHART#! T 4 S - 4 E -4 0 - 1 0 4 5 3
SOHO PET THISTLEWAITE #! T 4 S - 4 E - 6 4 - !  1 3 2 0
DAMSON a PARKER JR. #! T 4 S - 4 E -7 4 - ! 1 3 3 !
ANARDARKO DOUCET#! T 4 S - 4 E - 7 7 - ! 1 3 2 !
INEXCOa THISTLEWAITE #! T 4 S - 5 E - ! 8 - 1 0 5 6 9
MCCULIDCH STELLY #! T 4 S - 5 E -2 2 - ! 0 6 4 0
ATLANTIC HARDY #! T 4 S - 5 E - 2 7 - 1 0 8 1 4
PHILLIPS NEINSTEDT#! T 4 S - 6 E -2 0 -1 1 0 6 7
GETTY OIL BREWER NEINSTEDT#! T 4 S - 6 E -2 8 - 1 1 0 3 8
ANARDARCO KIRBY PETROLEUM #! T 4 S - 6 E -3 6 - 1 0 7 7 8
INEXCOOl FLOWERS #! T 4S - 7 E -2 3 - 1 0 7 6 8
CHEVRON BRUCKERHOFF#! T4S -7 E -3 - 9 6 4 !
MTS LIMIT BARTON #! T 4 S - 7 E - 3 2 - 1 0 3 2 6
FORESTOIL HACAPDEBOSCO#! T 4 S - 8 E - ! 3 - 6 6 4 0
AMOCO BROWN #! T 4 S - 8 E -5 5 - 9 8 2 5
HUMBLE OI POINTE COUPEE#! T 4 S - 8 E -6 8 - 9 6 9 0
AMOCO HESS #! T 4 S - 8 E -9 5 - 9 9 9
AMOCO G.G. LACOUR#! T 4 S - 9 E - 3 5 - 9 8 9 0
AMOCO WILBERTS #! T4 S - 9 E -3 8 - 9 9 4 5
AMOCO RAVENSWOOD#! T 4 S - 9 E - 4 ! - 9 9 2 0
AMOCO HURST #! T 4S - 9 E -5 5 - 9 9 5 5
WAGNER & JUMONVILLE #4 T 5 S - ! 0 E - ! - 1 0 0 4 0
CHEVRON RICHARDSON #! T 5 S - 1 0 E - 2 -101  57
WAGNER & BATTLEY #! T 5 S - 1 0 E - 2 - 1 0 0 0 7
CHEVRON HARLEAUX#! T 5 S - ! 0 E - 3 - 1 0 1 9 2
AMOCO BI2ETTE #! T5 S - 1 0 E - 5 - 1 0 1 0 9
CHEVRON ROUGON HEIR#! T 5 S -1 0 E - 6 6 - 1 0 5 2 5
CHEVRON LORIO #! T 5 S -1 0 E - 7 - 1 0 5 5 2
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STALL JUMONVILLE #1 T 5S -10 E- 9 - 9 9 4 5
CHEVRON BEUCHE HEIR #1 T5S-1 I E - 2 7 -1 0 2 9 5
TEXACO SL 7590 #1 T5S -1 1 E -7 5 - 9 9 7 0
GETTY OL BERTHIER #1 T 5S -11 E- 9 - 1 0 0 4 6
LATHAM EX EASTERLY #1 TSS-11E-9 - 1 0 2 9 0
MOSBACHER SPURGEON #1 T 5S -1E -14 - 9 5 1  3
CALLDN W.W. FOREMAN #1 T 5S -1E -23 - 9 7 8 3mxo D. LONG #1 T 5S -1E -36 - 9 9 7 5
SO. LA PETR. CO. NETTER #1 T 5 S - 1 W - 1 4 - 1 0 1 4 0
LA LANDE M.L HARVEY #1 T5S-1W -61 - 9 6 7 5
EXXDN J.B LE BLANC #2 T 5 S - 1 W - 6 7 - 9 7 4 8
MARTIN CELESTE DEES #1 T5S-1W -71 - 9 8 4 1
MCCORMICK YOUNG #1 T 5S -2E -14 -1 1 8 9 4
SUN OIL AU2ENNE#1 T5S-2E-41 -121  85
WHITSON MART0NE#1 T 5S -2E -47 -9 7 1  0
DACOIL MANUEL #1 T5S -2E-9 -1 1 5 0 5
AMOCO PENNINGTON #4 T 5 S - 2 W - 1 4 - 9 7 6 5
HUNT PETR. CORP. TRANS-MATCH "A" #1 T 5 S - 2 W - 2 2 - 1 0 2 1 0
HUNT TRANS MATCH'C'#1 T 5 S - 2 W - 2 7 - 1 0 4 0 1
INEXCOOl DUPRE #1 T5S -3 E -1 07 -1 1 6 3 5
MARTIN LNB #1 T5S -3 E -2 2 - 9 2 0 6
SHELL H.E. CARAWAY #1 T5S -3 E -2 2 - 9 2 2 0
DOWCHEMI SECURITIES #1 T5S-3E-31 -1 1 6 2 8
MARTIN C Z D # 1 T 5 S- 3E -3 4 - 9 3 5 0
MARTIN L.P. EASTERLY #1 T5S -3 E -3 8 - 9 0 4 5
MID AMERI BUTCH CALNES#1 T 5 S- 3E -4 7 - 9 5 8 5
DOWCHEMI DOUCET #1 T 5 S- 3E -5 2 - 1 1 6 9 0
C. WILLIA W.J. BARNES #1 T 5S -3E -54 - 9 7 5 2
MARTIN SMITH #1 T 5 S- 3E -6 0 - 8 6 8 1
LANGHAMP ARDOIN #1 T 5S -3E -76 - 1 2 2 6 0
TEXPAGIF CZ #1 T 5S -4E -27 - 8 8 2 0
MARTIN CZ #3 T 5 S- 4E -3 0 - 9 2 4 5
LA. LAND GAY#1 T 5S -4E -39 - 1 2 1 0 5
PENNINGTO LANATCORP#1 T6S -4 E -4 - 8 4 8 5
BURNETTO STELLY #1 T 5 S- 4E -6 7 -1 2 0 7 0
TIGER OIL THISTLEWAITE #4 T5S -5 E -5 -1 1 3 7 5
INEXCOOl MARTIN #1 T5S-6E-1 - 1 1 0 9 5
CUNTONO ELDER #1 TSS-6E-15 - 1 2 2 6 0
INEXCOOl MORGAN #1 T5S -6 E -2 - 1 1 1 1 0
COURTNEY ARTALL #1 T5S -7 E -2 - 1 0 7 6 0
INEXCOOl KEAN #2 T 5S -7E -22 -1 1 2 8 0
SUPERIOR WATSON A-1 T5S -7 E -3 8 - 1 1 2 5 0
DAMSON OI MARTIN LUMBER #1 T5S -7E -4 -1 1061
INEXCOOl KEAN #3 T 5 S- 7E -4 0 -1 1 2 5 5
INEXCOOl KEAN #1 T5S-7E-41 - 1 1 2 7 0
INEXCOOl MARTIN LUMBER #1 TSS-7E-5 - 1 1 1 6 0
AMOCO CALLICOTT #1 T 5S - 8 E -6 0 - 9 9 9
SINCLAIR MCKNEELY #1 T 5S -8E -76 - 1 1 0 5 0
INEXCOOl CLAIBORNE #1 T 5S -8E -77 - 1 1 0 2 8
TeCAOO DUCKWORTH #8 T 5 S- 8E -8 6 - 1 1 3 3 0
CHEVRON HARMON #1 T 5 S- 9E -1 6 -1 0 4 4 0
CHEVRON ALBRITTON #1 T5S -9 E -2 2 - 1 0 5 4 8
CHEVRON MAJOR #1 T 5S -9 E -2 5 - 1 0 6 2 5
TEXACO REUTER #4 T5S -9 E -3 0 - 1 1 1 3 0
BILLUPS B BOMER BLANKS #2 T5S -9 E -3 3 -1 1 1 4 5
AMOCO BOMER BLANKS LR. CO.#1 T5S -9 E -4 - 9 9 9
CHEVRON DEVILLE #1 T5S-9E-41 - 1 0 1 7 3
CHEVRON PARLANGE #2 T5S -9 E -4 9 - 1 0 5 1 2
CHEVRON BOMER BLANKS #1 T5 S- 9E -9 -1 0 4 3 3
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R.D. PHIL PATTERSON #4 T6S -10E-19 - 1 1 7 4 5
OIL & GAS KIMBALL #1 T6S-10E-20 - 1 1 7 8 5
CHEVRON CROCHET #1 T6S-10E-3 - 1 0 5 9 8
OIL & GAS KIMBALL #1 T8S-10E-31 -1 2 2 4 5
CHEVRON L.CR0CHET#1 T6S- 10 E- 37 - 1 0 6 1 0
CHEVRON WRIGHT m T6S-1 0E -4 - 1 0 7 1 9
OIL & GAS JARREAU #1 T6S-10E-8 - 1 0 8 4 5
CHEVRON CHAMPAGNE #1 T6S-1 1E -0 - 1 0 6 9 6
LA. LAND DAIGLE #1 T6S-11E-2 -1 1 0 2 9
CHEVRON ASHLAND #1 T6S-1 1E -5 - 1 0 8 9 6
PENNINGTO FARWELL #2 T6S -11E-5 - 1 0 7 5 5
CHEVRON ASHLAND PLANTATION T6S-11 E-57 -1 0 9 0 0
CHEVRON ALMA PLAN. #1 T6S-11E-8 - 1 0 6 4 1
ENNEX WATTS #1 T8S-1E-01 - 1 0 0 5 5
AMOCO P.C. KEOWEN #1 T8S-1 E-80 -1 0 0 3 0
HUIWT C.J. BORGEOIS#1 T 8 S- 1W -0 5 - 1 0 4 6 4
CLOVELLY KELLY HEIRS #1 T6S-2E-37 - 1 0 1 4 2
EXXDN J. STRAIN #1 T6S-2E-38 - 1 0 3 0 3
AMAREX EISWORTH#1 T6S-2E-41 - 1 0 3 0 9
AMOCO NORA KING T8S-2E-47 - 1 0 2 2 5
EXXON J.L. BAKER #1 T8S -2E-82 - 9 9 1 3
EXXON OLE MACDONALDS FARM #1 T6S-2E-87 - 1 0 1 0 6
AMAREX ABESTARKI5Y T8S -2E-70 - 1 0 2 0 0
AMOCO S.SULLIVAN T8S-3E-21 - 1 0 1 2 5
CHEVRON CROWN 7F I1FRACH T8S-3E-23 - 9 9 8 0
BARNWELL WILSON #1 T8S -3E-43 -1 1 1 4 5
GETTY OIL CHACHERE#1 T6S-3E-61 -1 2 2 6 0
HALBOUTY- LALONDE #1 T6S-4E -117 - 1 3 5 1 0
HALBOUTY- WHITE #1 T6S-4E-12 - 9 9 9
SANTEFE C.Z. #1 T8S-4 E-1 2 - 9 3 3 4
CALLDN M. HARRIS JR. 28-1 #1 T6S-4E-28
DELTA US CORP. CROWN ZELLERBACH #1 T8S -4E-28 - 9 9 9 7
CALLDN CROWN ZELLERBACH 35-2 #1 T8S -4E-35 -1 0 0 5 0
CALLDN CROWN ZELLERBACH 36-3 #1 T8S-4E-36 - 9 9 3 7
MAGNOLIA ROZAS #1 T8S-4E-41 -1 2 5 5 5
UNIVERSAL ROZAS #1 T8S-4E-59 -1 2 4 6 9
CUNTONO THIBODEAUX #1 T8S-4E -98 - 1 3 8 2 5
FLORIDA E TOMLINSON #1 T8S-5E-1 • - 1 3 5 4 5
SHELL OIL J.H. HAUBERGETAL#1 T6S-5E-11 - 8 9 3 5
NOREXOO E.N.AVERRET#1 T8S-5E -12 - 8 9 1 4
GREAT SO. OIL & GAS CO. PONDER MINERAL CO. #1 T8S-SE-15 - 9 5 2 0
DELTA US CORP. CROWN ZELLERBACH #1 T8S-5E -17 - 9 2 9 4
HALBOUTY- BESSIE STAGG#1 T8S-5E-28 - 9 9 9
HALBOUTYRES. ALCEE RIVETTE#1 T8S-5E-31 - 1 3 4 9 0
SAMEDANO CHAMPAGNE#1 T8S-SE-4 -1 3 4 6 5
SHELL OIL CROWN ZELLERBACH #3 T8S-5E-8 - 9 3 4 8
SHELL OIL CROWN ZELLERBACH #2 T6S-5E-7
DAVIS OIL TWO O CLOCK BAYOU# T6S-8E -15 -1 3 0 2 5
SUN TWO ODLOCK BAYOU #1 T8S-8E-23 - 1 2 8 1 5
SUN OIL PRINCE & RICHARDSON T8S-6E-23 - 1 2 8 0 5
MARTIN C.Z. #1 T8S-8E-31 - 9 4 8 5
AMERICAN QUASAR SYLVESTER #1 T8S-8E-37
COLUMBIA LANCL0S#1 T8S-8E-39 - 1 3 7 1 3
WOOD PETR WATSON #1 T8S-7E-1 - 1 1 5 7 5
SUN OIL OSSCO#1 T8S-7E-11 -1 2 2 2 5
TEXACO HEARIN B-1 T8S-7E-15 -1 2 4 6 5
SOUTHERN HEIRS #1 TSS-7E-2 -1 2 0 9 5
GULF PLANTERS #2 T8S-7E-20 - 1 3 2 0 0
TIPPERARY SHERBURNE#1 T6S-7E-29 -1 3 2 9 0
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CITIES SE JUMONVILLE #1 T6S- 7E -43 -1 3 6 5 0
SUN OIL KENT JR. #1 T 6S -8E -33 - 1 2 6 2 5
COTTON LA. CENTRAL #1 T 6S -8E -35 - 1 2 8 4 0
SUN OIL SMITH JR. #2 T6S-8E-41 - 9 9 9
SUN OIL SMITH JR. #8 T6S-8E-41 - 9 9 9
SUN BOMER BLANKS #2 T 6S -8E -42 - 1 0 2 4 0
SUN OIL BOMER BLANKS #1 T 6 S- 8E -4 2 - 1 2 5 2 5
RIVERSIDE HUMBLE OIL #1 T 6S -9E -10 - 1 1 1 0 5
SUN EL PLANT #2 T 6S - 9 E -1 1 0 - 1 2 6 4 0
SUN OIL EL PLANT #7 T 6 S- 9E -1 10 - 1 2 6 0 0
TEXACO HOLLOWAY #2 T 6 S - 9 E - 1 12 - 1 2 6 7 5
RIVERSIDE OLINDE #1 T 6S -9 E -1 17 - 1 1 1 1 0
R.D. PHIL - DREYFUS#3 T 6 S - 9 E - 1 18 - 1 1 7 5 2
UNION TEX BERGERON#2 T 6S -9 E -1 19 -1 1 2 6 0
FRANKS-GR MAJOR HEIR #1 T 6S -9 E -1 22 - 1 2 6 5 5
EXCHANGE DENOVA #1 T 6S -9E -36 - 1 1 8 1 5
EMERALD 0 HUMBERT #1 T6S -9 E -7 5 - 1 1 7 1 5
CELT OIL J.E. JUBAN ET AL#1 T7S -3E -4 - 1 0 9 0 0
CHEVRON C.Z. 7 #1 T7S-4E-01 - 1 0 1 1 5
CHEVRON J.H HAUBERG #1 T7S -4E -03 - 1 0 1 3 9
CHEVRON CROWN ZELLERBACH 7-1 T7S-4E-1 -101  1 5
CHEVRON CROWN ZELLERBACH 2-1 T7S-4E-1 - 1 0 0 9 0
CHEVRON J.H. HAUBERG #1 T7S -4E-3 -101  50
CALU3N C.Z. 6-14 #1 T 7S -5 E -0 6 -1 0 5 4 7
CALUON C.Z. 8-1 #1 T7S-SE-08 - 9 1 3 4
CALUON REIMER EST 1 T 7 S- 5E -1 3 - 9 2 9 4
MESA PETR. CROWN ZELLERBACH #3 T7S- 5E -5 - 9 9 6 6
CAliON CROWN ZELLERBACH 8-14 #1 T7S-5 E- 6
CAUJON CROWN ZELLERBACH WS 8-1 T7S -5 E -8
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VITA
Philip Lowry was born in Belfast, Northern Ireland on August 27, 1956, 
the second child of Henry and Ellen Lowry. He completed his Primary education 
at the Braniel Primary School and Secondary education at Lisnasharragh 
Secondary School in Belfast. His 'A' level studies were completed at Cregagh 
Technical College also in Belfast.
From 1975 to 1978 he studied for the degree of Bachelor of Science in 
Environmental Science at the University of Ulster at Coleraine, Northern Ireland 
and obtained a second class upper division honours degree in 1978. He began 
work on a Master of Philosophy degree at the University of Ulster in 1978. The 
subject of his thesis was morphodynamics of modern coastal depositional 
systems. He received his Master of Philosophy degree in 1982.
In 1980, he entered Florida State University to pursue a doctoral degree 
in Geology focusing on modern coastal stratigraphy. In 1982 he transferred to 
Louisiana State University in Baton Rouge to become involved in the study of 
both modern and ancient depositonal systems. While at LSU he was involved in 
teaching undergraduate Historical geology as well as participating in a variety 
of projects on modern depositional systems.
He has published papers on numerical modeling of modern coastal 
process-response systems. He has also presented several papers at national 
and regional geological conferences The subjects of these papers range from 
recent stratigraphy of the Alaskan Beaufort Sea to stratigraphie sequences in 
the Tertiary of the Gulf Coast. Upon completion of his doctorate he began work 
with Shell Offshore Inc. as a geologist. He and his wife Dianne currently live in 
New Orleans, Louisiana and have one daughter, Caitlin Julia.
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